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< Bladder cancer and intravesical immunotherapy

* Long-lasting effect, low metastasis

* Non-muscle invasive papillary carcinomas over 75%
rate and low recurrence rate

* Muscle invasive urothelial cancers

TRADITIONAL CANCER
CANCER THERAPIES IMMUNOTHERAPIES
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< Limitations of conventional intravesical cancer therapy

» Clearance from the bladder by repeated urination

* Penetration inhibition by GAG layer A
Mechanical Delivery :
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Nature Reviews Urology 16, 599-612 (2019)
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€ STING pathway in dendritic cell

e STimulator of INterferon Genes
(STING) mediates innate and
adaptive immune system.

e Aberrant cytoplasmic exposure of
double strand DNAs is recognized
by cyclic GMP-AMP synthase to
trigger STING pathway for cancer

immunotherapy.
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NATURE REVIEWS | MATERIALS

Multifunctional materials for
Implantable and wearable photonic
healthcare devices

Geon-Hui Lee'>9, Hanul Moon?*°, Hyemin Kim*°, Gae Hwang Lee?*, Woosung Kwon®,
Seunghyup Yoo®, David Myung?’, Seok Hyun Yun(®*, Zhenan Bao?’* and
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nature
reviews

nmaterials

[Nature Reviews Materials 2020, IF = 84.5, Citation 460]

Light-responsive materials

Size (nm)
20253.0354.0455055

Transition-metal
dichalcogenides

475 500 525 550 575 600 625
Wavelength (nm)

Y ". .- 85 IRy o‘ ‘\.\‘ AR N . -
S e e 2T WSy S ~ -
g L - W s @ b
: P o . :
— ‘ B
) ] SO\ 3 0 -
l [ I I NIR excitation Visible emission Anode ‘ SS Natural silk fibre
‘i | C A “

Quantum dots Emitting

P layer
- : RS
Q \ \ // Cathode

Gold nanomaterials Upconversion nanoparticles Organic semiconductors

PLA waveguide PEG hydrogel waveguide

Hahn et al. Nat. Rev. Mater. 5, 149 (2020) and Adv. Mater. 30, 1701460 (2018)



Micro/Nanomotors (MNMs) 5 | POSTECH

F SCIENCE AND TECHNOLOGY

< Propulsion mechanisms, characteristics, and applications of micronanomotors

Micronanomotors Nanosurgery
Cargo loading and release

L. Motion control
Electricity

Adv. Mater., 25, 6581, 2013 / Adv. Mater., 28, 832, 2016
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4 Synthesis of urease-powered nanomotor

» Coating of PDA onto the silica nanoparticle (SiNP) (NH,),CO + H,0 — CO, + 2NH,
e Core removing to form PDA nanocapsule (PDA NC)

 Immobilization of urease onto the PDA NC
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Hahn et al. ACS Nano, 14, 6683-6692 (2020)
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< Characteristics of urease-powered nanomotor
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< Ex vivo bladder penetration
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Hahn et al. ACS Nano, 14, 6683-6692 (2020)
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< Retention of nanomotors [Histology]

“Cont

* No difference between control and nanomotors injection group

* No necrosis of bladder after 12 h-post injection of nanomotors

[Ex vivo bioimaging]
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< Schematic illustration for the mechanism of bladder cancer treatment

Bladder (NH2),CO + H,0O Water Driven Al-Ga/Ti Micromotor
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 STING agonist encapsulation
e Urease immobilization with GA Hahn et al. Nature Communications, In Revision (2024)
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< Characteristics of STING nanomotors
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In Vitro Cell Activation Test 7 | POSTECH

< Immunostaining of proteins on the dendritic cell
e Enhanced expression ratio of CD 86 and CD 40 in STING@nanomotor.
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< Motion analysis of nanomotor depending on urea
 Enhanced individual and collective motion of STING@nanomotor in the presence of urea
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< In vivo retention test depending on self-propulsion effect
* Prolonged retention of nanomotor in bladder after several urination
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% Orthotopic bladder cancer treatment
e Significant anti tumor effect of STING@nanomotor (94.2% of inhibition after 14 d)

 Recruitment of activated T cells (11.2-fold compared with PBS)
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lll. Summary and Future Works

-For Further Applications of Smart Micro/Nanomotors
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4 Successful orthotopic bladder cancer immunotherapy

(NH2)2C0 + H20 — C02 + 2NH3
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4 Collaboration for clinical bladder cancer immunotherapy
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