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Gold nanoparticles for phototherapy

GOLD 
NANOPARTICLES 

BioconjugateChem.2022
Nanomaterials 2018

NIR
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Phototherapy-mediated immunogenic cell death

ACS Nano 2019



In situ cancer vaccination for adaptive immunity

ACS Nano 2019
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Tumor immune microenvironment
: An alternative cancer therapy?



How to turn Cold tumors Hot?

Dana-Farber Cancer Institute

Signal Transduct Target Ther 
(2021)

Nat Rev Mater (2019)



What happens in a TGF-β-rich tumor microenvironment?

Nat Rev Clin Oncol (2021)



Hypothesis: Turn-off TGF-β to turn cold tumors Hot 
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Metal-lipid hybrid nanoparticles for 
gene editing delivery and phototherapy
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How to turn Cold tumors Hot?

ACS Nano 2021



Phototherapy-mediated immunogenic cell death

ACS Nano 2021



Nanoparticles-mediated gene editing in tumor cells 

pC
9s

Gfp
@

MLN

100 101 102 103 104

Indel (%)35.8----

831 bp

510 bp

321 bp

D

Fluorescence intensity

GFP sgRNA/Cas9 
co-expression plasmid

(pC9sGfp)
GFP knock out

Fluorescence
“ON”

Fluorescence
“OFF”

GFP-stable cell

Untreated MLN
pC9sScr 
@MLN

C
ou

nt

pC9@MLN
pC9sGfp
@MLN

C
250 μm

12.1 % 16.9 % 15.7 % 18.7 % 64.3 %

Unt
re

ate
d

MLN
pC

9s
Scr

@
MLN

pC
9@

MLN

100 101 102 103 104100 101 102 103 104100 101 102 103 104100 101 102 103 104

Day 0 Day 7 Day 9 Day 11

MLN
i.t. injection

Tumor 
inoculation

Fluorescence 
analysis

Day 7 Day 11
pC9sGfp@MLN

0
20
40
60
80

100
120

G
FP

 in
te

ns
ity

 
at

 tu
m

or
 s

ite
 (%

)

******

Unt
re

ate
d

MLN
pC

9s
Scr

@
MLN

pC
9@

MLN
pC

9s
Gfp

@
MLN

pC9sGfp@MLNUntreated

ACS Nano 2021



Nanoparticles-mediated TGF-β editing in tumor cells 
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T cell differentiation after TGF-β editing in tumor cells 
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Antitumor efficacy in TGF-β edited tumor
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Adaptive antitumor immunity after TGF-β editing
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How to turn Cold tumors Hot?
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Transcriptome and immunohistochemical analysis
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Enhanced adaptive antitumor immunity in 
TGF-β-edited tumor microenvironment
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Metabolic pathway of gold nanoparticles 

Retention of gold nanoparticles 
- Oxidative stress
- Inflammation
- Tissue damage

Advanced Materials (2019)



PolyCpG-supported gold nanocluster

Biomaterials 2022
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Enzymatic process generating long ssDNA 
from circular template

Bioactive Mater 2022
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Nuclease-declustering gold nanoparticles 
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In vivo fates, pharmacokinetic, and excretion
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Antitumor effects against rechallenged tumors



In vivo evaluation of safety
AuPCNAuNP AuMC



Concatemeric DNA-assisted 
metal nanoclusters for immunophototherapy
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Supplementary Information



Preparation of gold nanoclusters



Glomerular filtration of nanoparticles

Nature Reviews Materials (2018)



Immunity (2019)

Turn-off TGF-β for effector T cell activation



T-cell immune-editing strategies

Nat Biotechnol 
(2019)





Metal-lipid hybrid nanoparticles



Effect of MLN composition



Off-target effect

Wellcome Sanger Institute Genome editing website 
(https://wge.stemcell.sanger.ac.uk/) 



Phagocytosis of B16F10 cells by dendritic cells



Effect of dosing frequency and NIR irradiation regimens



TGF-β editing without NIR irradiation



TGF-β editing in immune cells



Effector memory T cells



Biodistribution



Safety concerns
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