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Regulation of T cells between activated

and exhausted stages in tumor

microenvironment is also important and

remains a significant challenge

Cancer Immunotherapy: Low Response Rate and T Cell 

Exhaustion

Nat Rev Rheumatol 18, 641–656 (2022)

Immune checkpoint blockade (ICB)

Low response rate
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IDO inhibitors in clinical stage 

IDO Inhibitor for Preventing T Cell Exhaustion

How to delivery small molecule?
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Free Drug Loading and Prodrug Strategy

Drug delivery to specific 

lesion or cells

Loading free drug

◆Low loading efficiency
◆Drug leakage in vivo
◆Hydrophobic drug only

Prodrug system

Prodrug could be a promising strategy for specific drug delivery



Prodrug ionizable lipid (pIL)

IDO inhibitor
GSH

Prodrug-tethered Lipid Nanoparticles for Synergistic mRNA 
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pLNP



Synthesis of Prodrug Ionizable Lipids (pILs)



Screening of pLNP Library in Vitro and in Vivo
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Control lipid

Disulfate Linkage Enhances mRNA Transfection

Replaced disulfate linkage with C-C linkage 
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Efficient IL-12 mRNA Delivery in Cancer Cells by pLNP



0 10 20 30 40 50 60 70 80
0

20

40

60

80

100

%
 D

ru
g

 r
e

le
a

s
e

t / h

Indoximod release

Drug Release from pLNP after Triggering 

5 mM

pLNP



pLNP Mediates T Cell Activation and Suppresses T Cell 

Exhaustion
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Day 0

1×106 MC38 cells 

subcutaneous injection

Day 6

Treatment

Intratumor injection

of LNPs

Day 8 Day 10mRNA dose: 2.5 µg/mouse

Survival

Monitor tumor size
PBS

G0-SS-AA-C12 FLuc pLNP

G0-6C-AA-C12 IL-12 LNP

G0-SS-AA-C12 IL-12 pLNP

Day 12
Long term

Flow cytometry for

T cell characterization 

in spleen
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pLNP System Elicits Immune Response in Mice

The CD8 T cell changes in Spleen
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Day 0

1×106 MC38 cells

Subcutaneous injection

Day 6

Treatment

Intratumor injection
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T Cell Infiltration in Tumor Microenvironment
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Conclusion

1. In summary, we have developed a novel pLNP platform combining IDO inhibitor with IL-12 

mRNA.

2. In a MC38 mouse tumor model, pLNP system effectively shrinked tumors and generated 

systemic immunologic memory.

3. These results highlight pLNPs as a promising delivery system for synergistic, locally-activated 

cancer immunotherapy.
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