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LIMITATIONS OF CURRENT TREATMENT

New treatment solutions are urgently needed!

CHALLENGES IN CANCER AND CVDS TREATMENTS
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13.7.20224

Microfluidics technology
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13.7.20225

LIGHT-CONTROLLED NANOSYSTEM WITH 
SIZE FLEXIBILITY IMPROVES TARGETED 
RETENTION FOR TUMOR SUPPRESSION

Zhang, Santos et al., Cell Rep. 2021, 35, 109131; Adv. Funct. Mater. 2021, 31, 2101262



6|9/12/2021

https://www.hs.fi/paivanlehti/08102018/art-2000005853415.html?share=4be27958fe1229a6c5feebe
795250b47 

Source: Helsingin Sanomat, 8.10.2018

� Targeting to 
specific 
cells/tissues

� Improve solubility 
of therapeutics

� Co-deliver of 
therapeutic 
agents

� Improved 
pharmacokinetic 
drug profiles

� Improved 
therapeutic index

� Lower drug toxic 
side effects

Drug nano-carrier

Targeting entity
“GPS”
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13.7.20227

TRANSFORMABLE DRUG DELIVERY SYSTEMS
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13.7.20228

NANOPARTICLES IN MEDICINE
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PROMOTING CARDIAC REPAIR VIA NANOPARTICLES WITH EXCLUSIVE TARGETING 
CAPABILITY TOWARD MYOCARDIAL REPERFUSION INJURY USING MICROFLUIDICS

Liu, Santos et al., Adv. Funct. Mater., 2022, 10.1002/adfm.202204666

β-glucan NPs loaded with NACHT, LRR, 
and PYD domains-containing protein 3 

(NLRP3) inflammasome inhibitor (CY-09) Thermal resistant microfluidics assisted NPs production
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CG specifically targeted Dectin-1+ Mo/MΦ, sequentially exhibiting an enhanced 
accumulation in the injured tissues after cardiac I/R

CY-09@CG better preserved I/R-induced cardiac 
damage through regulating innate immune responses

Liu, Santos et al., Adv. Funct. Mater., 2022, 10.1002/adfm.202204666

Reduced cardiac damage
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Enhanced cardiac targeting 
Liu, Santos et al., Adv. Funct. Mater., 2022, 10.1002/adfm.202204666
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CY-09@CG showed better efficiency 
in ameliorating long-term prognosis 

after I/R cardiac injury

Liu, Santos et al., Adv. Funct. Mater., 2022, 10.1002/adfm.202204666

Enhanced cardiac function
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Polysaccharide-based viral 
mimicry nanocomplex with 
pH-responsive membrane 
destabilization and 
macrophage-targeting 
capability for gene silencing 
in inflammatory tissue

Gao, Santos et al., under review
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Synthesis and characterization of β-glucan 
based membrane-active polymer (EEPG) Preparation and characterization of polymeric NPs 
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In vitro performance of siRNA@CEEPG NPs In vivo biological effects of siRNA@CEEPG NPs

Gao, Santos et al., under review
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Functional evaluation of RNAi nanoformulation
Gao, Santos et al., under review
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�β-glucan-based NPs show precise and efficient targeting capability toward 
Dectin-1+ monocytes/macrophages, which are main pathogenesis mediators for 
cardiac ischemic/reperfusion (I/R) injury. 

�β-glucan NPs loaded with NACHT, LRR, and PYD domains-containing protein 3 
(NLRP3) inflammasome inhibitor (CY-09) show better efficiency in ameliorating 
myocardial injury and heart failure induced by surgically induced I/R. 

�A virus-inspired poly (alkyl methacrylate-co-methacrylic acid) fragment with 
pH-responsive membrane destabilization properties conjugated on barley 
β-glucans (EEPG) endow the nanocomplex with endosomal escape capabilities.

�EEPG nanocomplex with efficient siRNA loading can achieve potent in vivo gene 
silencing in a selective subset of leukocytes due to the inherent affinity of EEPG 
towards an innate phagocytic receptor, Dectin-1. 
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ARTIFICIALLY CLOAKED VIRAL NANOVACCINE FOR 
CANCER IMMUNOTHERAPY

13.7.202219

TUMOR EXOSOME-BASED NANOPARTICLES FOR 
TARGETED CANCER CHEMOTHERAPY

Nature Commun. 2019, 10(1), 3838

Nature Commun. 2019, 10, 5747



20|9/12/2021

MULTIFUNCTIONAL NANOVACCINES BASED ON PHOTOTHERMAL 
AND IMMUNOSTIMULATORY NANOPARTICULATE CORES FOR 
IMMUNOTHERAPY OF SOLID TUMORS
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Nanovaccine preparation and characterization
Li, Santos, Bing et al., Adv. Mater. 2022, 2108012
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 Nanovaccine in vitro  and in vivo  anticancer efficacy 
studies

Li, Santos, Bing et al., Adv. Mater. 2022, 2108012

(Anti-CTLA-4 antibody) 
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www.helsinki.fi/yliopisto

ENGINEERED NEUTROPHIL-DERIVED EXOSOME-LIKE VESICLES 
FOR TARGETED CANCER THERAPY

Zhang, Santos, Zhang et al., Sci. Adv. 2022, 8, eabj8207
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SPION-modified, N-Ex–like NVs deliver DOX to inhibit tumor growth

Zhang, Santos, Zhang et al., Sci. Adv. 2022, 8, 
eabj8207
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� ICB immunotherapy + CCM@(PSiNPs@Au) nanovaccine and photothermal 
therapy, eliminate solid tumors and suppress their metastasis.

� Due to inhibition of the antitumor immune responses and the reversion of 
their immunosuppressive microenvironments. 

�Exosomes from neutrophils (N-Ex) induced tumor cell 
apoptosis. 

�Decorated N-Ex achieved higher tumor-targeting therapeutic 
effect. 

�N-Ex with DOX-loaded improved inhibition of tumor cell 
proliferation and selectively accumulate at the tumor sites 
under an external magnetic field, preventing tumor growth and 
prolonging the survival rate in mice.
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13.7.202226

h.a.santos@umcg.nl  
 

#Groningen @ UMCG

#Helsinki @ UH

Dr. Santos’ Lab | YouTube                  
@Santos_Lab15 | Twitter 
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THANK YOU!


