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Introduction 
Immunogenic cell death (ICD) is a type of cell 

death that releases immunogenic damage-

associated components (Fig. 1)1.  

 

The hypoxic tumor microenvironment (TME) 

alters cellular metabolism resulting 

acidification and oxidative stress and inhibits 

the establishment of an active immune 

response2-4. Macrophages become skewed 

towards immunosuppressive tumor-

associated macrophages that promote tumor 

growth and inhibit T cell activity. 

 

Our laboratory pioneered the bio-reactive 

polymer-lipid manganese dioxide 

nanoparticles (PLMDs) for TME modulation 

(Fig. 2)5-8. Here, the potential of PLMDs to 

enhance RT and promote anti-tumor immunity 

was demonstrated. 

 

 

Methods 

Conclusion 

Results Results 
Murine breast cancer EMT6 and 4T1 cells 

conditioned under hypoxic conditions were 

subjected to irradiation of various doses with 

or without pre-treatment with PLMDs. 

Clonogenic assay was used to determine cell 

kill. A linear quadratic model was employed to 

evaluate radiation responses and radio-

sensitization effect of PLMDs. ICD biomarkers, 

CRT, HMGB1 and ATP were assayed in vitro. 

Immune cell populations in orthotopic 4T1 

tumor were analyzed by immunohistochemistry 

following treatment of tumor-bearing mice with 

PLMD and RT alone or in combination. 

Results 

Fig 4. A) HMGB1 and B) ATP release induced by PLMD plus 

RT treatment in aerobic and hypoxic 4T1 cells. Cells were 

treated with PLMD (25 µM) followed by 8 Gy of irradiation 

within 30 min. HMGB1 and ATP was assayed at 48 h post-

treatment. Bars are mean ± S.D., n = 3. Asterisk (*), (**), (***) 

and (****) represent p > 0.05, p > 0.005, p > 0.0005 and p > 

0.00005 respectively. C) Representative confocal laser 

scanning microscope (CLSM) images of calreticulin (CRT) 

exposure in normoxic and hypoxic 4T1 cells treated with 

PLMD (25 µm) plus 8 Gy at 24 h post-treatment. DAPI (blue); 

CRT (green); n = 5; scale bar (white) is 20 µm. 

Fig 5. B) Quantification of whole tumor sections for CD4+ T 

cell, CD8+ T cell, CD86+ macrophages and CD163+ 

macrophages for all treatment groups. Bars are mean ± S.D., 

n = 3. Asterisk (*), (**) and (***) represent p > 0.05, p > 0.005 

and p> 0.0005, respectively. 
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Fig 3. Clonogenicity of a) EMT6 and b) 4T1 cells treated with 

25 µM of PLMD and RT. c) D50 and percent (%) decrease fold-

change are tabulated. d) The linear quadratic equation used 

to model the results. e) Linear-quadratic parameters α, β, 

and Pearson correlation coefficient are tabulated. Tabulated 

data are presented as mean ± S.D., n = 3. 

Fig 2. Reaction scheme of PLMD. 

PLMD enhances RT cytotoxicity in vitro against 

murine breast cancer cells under normoxic and 

hypoxic conditions 

PLMD and RT increases calreticulin exposure, 

HMGB1 and ATP release in vitro in 4T1 cells 

Modulation of population of innate and 

adaptive immune cell with PLMD plus RT 

Fig 5. Modulation of innate and adaptive cell population with 

PLMD plus RT treatment at three days post-treatment. A) 
Experimental set up of the 4T1 model.  

Fig 1. Schematic of radiation therapy (RT)-induced ICD and 

stimulation of adaptive immunity. Exposure of calreticulin 

(CRT), release of high mobility group box 1 (HMGB1) and 

secretion of ATP. These signals can stimulate phagocytosis 

of dying cancer cells by antigen-presenting cells, such as 

macrophages, allowing cross-presentation of tumor antigens 

to activate T cells.  


