ANNUAL MEETING & EXPO

JULY 24-28, 2023
THE FUTURE OF DELIVERY SCIENGE

Paris Hotel )»

s

Wireless theranostic smart contact lens
for monitoring and control of
intraocular pressure in glaucoma

Seok Cheon Endowed Chair Professor Sei Kwang Hahn
Department of Material Science and Engineering

Pohang University of Science and Technology (POSTECH)

PDST EEH ‘-";if HARVARD % Stanford

IENCE AND TECHNO MEDICAL SCHOOL University

s O g

Korea-EU session:

‘Smart Healthcare Materials and Devices

FoMCR

= @==um, M\ vemewemon BT1) KO- STtz

@Df"'BIOMEDQ


http://hms.harvard.edu/

Conte nts ——{ Introduction - Wearable Electronics
2

‘ Smart Electrochemical Contact Lens

3

b SMArt Photonic Contact Lens

4

———{ Smart Piezoelectric Contact Lens
5

———{ Summary and Future Works

ANNUALMEETING & EXPOSITION

* JULY 24-28 2023 Paris Hotel » THE FUTURE OF DELIVERY SCIENCE



1. Introduction
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- Wearable Electronic Devices
- Multifunctional Nanomaterials
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¢ Futuristic wearable electronic systems and devices

Mission: Impossik

REJNIAK
REBENAM

Offline.

The Apple Watch is just the start.
How wearable tech will change
your life—like it or not

BY LEV GROSSMAN
AND MATT VELLA
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% Stretchable electronic devices
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< Wearable electronic medical devices market

WEARABLE MEDICAL

DEVICES MARKET

Clobal Wearable Medical Devices Market Size (US$ Mn), 2018 to 2026
2O
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 $24,571.8Mn

GClobal Wearable Medical Devices Market
Share, By Product, 2018
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Therapeutic Wearable
Medical Devices
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North America Wearable Medical Devices
Market Size (US$ Mn), 2018
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North America . Y
y’ Asia Pacific
Q The Middle East & Africa

-
Latin America
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Market growth will ACCELERATE
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GLOBAL DIAGNOSTIC WEARABLE MEDICAL DEVICES MARKET 2021-2025
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< Multifunctional materials for smart healthcare devices
Smart contact lenses in pulse oximetry device
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Multifunctional materials for P L
. . hotodetector.
implantable and wearable photonic =
healthcare devices D1
Geon-Hui Lee'-2%, Hanul Moon?3°, Hyemin Kim*°, Gae Hwang Lee?*, Woosung Kwons, DDS Photodete
Seunghyup Yoo®, David Myung?®’, Seok Hyun Yun®#*, Zhenan Bao®?* and
LED 2

Sei Kwang Hahn@'24*

[Nature Reviews Materials 2020, IF = 83.5, Citation 350]
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- Smart Electrochemical Contact Lens
- Smart Photonic Contact Lens
- Smart Piezoelectric Contact Lens
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2. Smart Electrochemical Contact Lens
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Continuous Monitoring of 0P up to 24 Hours

SENSIMED Triggerfish®

/4 ,\ ln - “Seeing the
N/ Muture with
< AUGMENTED

CONTACTS
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< Eye as an interface between the human body and an electronic device

EyeBrain Eye Liver Eye Heart Eyelungs Eye Kidney
Connection Connection Connection Connection Connection

BCC Research, Genetic Engineering & Biotechnology News, Acu Eye Zone
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< Smart electrochemical contact lens for monitoring and control of diabetes
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4 Strong correlation between glucose concentration in tear & blood

Tear Glucose During Oral Glucose Load
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< 3-Electrodes glucose biosensor system
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% Gold coated drug reservoirs developed by Robert Langer at MIT
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€ Fabrication of flexible drug delivery systems (f-DDS)

(i)

Glass substrate
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< Theranostic application of smart contact lens
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Hahn et al. Science Advances, 6, eaba3252 (2020)
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Smart contact lens for therapeutic applications on diabetic retinopathy

PBS eye-drop Genistein eye-drop Genistein injection  Avastin injection =~ Smart contact lens

Retinal vessel

Vessel permeation

Retina histology |

L: lumen of vessel, EC: endothelial cell, RPE: retinal pigment epithelium, CV: choroidal vessel)

Hahn et al. Science Advances, 6, eaba3252 (2020)
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< Immunohistochemical analysis for the therapeutic effect

PBS eye-drop Genistein eye-drop Genistein injection Avastin injection Smart contact lens

Collagen IV
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DAPI

~

Merge

Hahn et al. Science Advances, 6, eaba3252 (2020)
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< Smart contact lens for diabetes diagnosis and therapy

RAVAAAS Become a Member Science Advances, 6, eaba3252 (2020) Login ScienceMag.org Q. Search
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% Google lens for diabetes diagnosis

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

arrives.

journal homepage: www.elsevier.com/locate/bios

ThertU

A contact lens with embedded sensor for monitoring tear glucose level
Contact lens

Huanfen Yao!, Angela J. Shum!, Melissa Cowan, Ilkka Lihdesmaki, Babak A. Parviz*

Department of Electrical Engineering, University of Washington, Seattle, WA 98195, United States
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Enzyme layer: GOx +Ti sol-gel layer + Nafion layer — Low diffusion flux, sensitivity, response time
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< Smart contact lens for highly sensitive and long-term stable diabetes diagnosis

Nanoporous hydrogel
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< Smart contact lens for long-term stable and highly sensitive diabetes diagnosis
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Hahn et al. Advanced Materials, 34, 2110536 (2022)
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< Biological and electrical safety of smart contact lens for diabetes diagnosis
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Summary Smart contact lens for diabetes diagnosis and therapy

- Smart contact lens in combination with insulin pump for diabetes theranosis

Smart Contact Lens

PHI - LENS

Real-Time Glucose Sensing
Real-Time IOP Monitoring
Photobiomodulation Therapy

(D' BIOMED®
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< Photomedicine for diagnosis and therapy
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The Wellman Center for Photomedicine... Using and understanding light and its effects to improve
health and advance medical science. Wellman’s multi-disciplinary faculty focuses on investigating the effects

of light on human biology and discovering new diagnostic and therapeutic uses of light.
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< The photobiomodulation mechanism for light therapy in tissue

Laser light at a wavelength of 670nm, 2
808nm or 904nm is delivered fo the

tissue via a probe in contact mode

with the surface of the skin.

»

cytochrome ¢ oxidase

Mitochondria

The light enters the cell’s mitochondria

and is absorbed by the chromophores,

including the protien cytochrome ¢
oxidase (CCO) which then
increases its activity.

An increase in ATP. the main

energy source for the majority of
cellular functions, increases the
7 cell’s ability to fight infection and

accelerates the healing process

—~" The modulation of ROS

T 7 activates franscription factors
} < ROS ;> positively impacfing cellular
2 [ b 3

repair and healing

N~
o~

The release of NO, a potent
vasodilator, increases circulation,
decreases inflammation and
enhances the transport of oxygen
and immune cells throughout the
tissue

3 As a result of this heightened activity,
three molecules are affected:
Adenosine Triphosphate (ATP),
Reactive Oxygen Species (ROS)
and Nitric Oxide (NO)

Hahn et al. Nat. Rev. Mater. 5, 149 (2020)
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< Wearable photonic devices

Photobiomodulation

Purpose: To measure the brain activity using oxygen consumption
in brain

Life cycle

=t
g

(e
- B
—
a

e

Purpose: Skin rejuvenation, hair growth, and wound healing S‘ :

Purpose: To control sleep by changing serotonin secretion using
blue light

Pulse oximetry

Display ~

e

- . ‘ ‘
C w} N
*Yﬂ & ! : ‘\ ’
N 0
Purpose: To deliver the information for users (P Pkl .
™~y Purpose: To measure oxygen concentration in blood using light

« fNIR: functional near-infrared spectroscopy absorption change
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Smart Photonic Contact Lens P
pple Watch +
Healthcare:

nversion Nanopa Waveguide Hydrogel

P o s

R eti‘Pigmentoa herp

US Patent 15/522,816, EU Patent 16783461.3, PCT/KR2017/015243, Korean Patent 10-2017-0059225
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Smart Photonic Contact Lens

Apple Watch +
Healthcare:

Is history in the making?

US Patent 15/522,816, EU Patent 16783461.3, PCT/KR2017/015243, Korean Patent 10-2017-0059225
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Smart Photonic Contact Lens

Apple Watch +
Healthcare:

Is history in the making? “

Real-Time Diabetes Diagnosis

ingpathy Therag Retinitis P"nenTherapy

v S S —

US Patent 15/522,816, EU Patent 16783461.3, PCT/KR2017/015243, Korean Patent 10-2017-0059225
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Summary Smart photonic contact lens for diabetic retinopathy phototherapy
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< Development and symptoms of glaucoma

Healthy Eye Glaucoma

—

Flow of aqueous humour 1. Drainage canal
through the drainage canal. blockefd; uild up
of fluid.

Vo _OCT, G Dx, H RT | Continuous Monitoring of 0P up to 24 Hours )
| SENSIMED Triggerfish®

;""\w“?
i3
e |

J . g
I M.

2. Increased pressure
damages blood vessels
and opftic nerve.

“Sensimed has developed a paradigm shift in
glaucoma to continuously and non-invasively
monitor individual intraocular pressure.”
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< Design of transparent AUHNW IOP sensor and DDS on smart contact lens

High

10P level

Pressure
increase ‘

Normal Time

Theranostic IOP control

W

R ATAYAYAYA YA

Time

Latanoprost Timolol

Flexible DDS
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< Design of biocompatible AUHNW IOP sensor on smart contact lens

IOP sensing Ag@Au core-shell nanowire
Au shell

R sensor Feedback system Ag core
Ag etching / 3

Antenna

Drug release

ASIC chip ‘

IOP decrease

IOP increase ‘ 0
. 1.\ Ay ,
‘ Hollow Au nanowire \ l‘
/ : b . /

Hollow structure

140

Timolol release 120 1 ]

l .

Loading No trigger w/o PVA  w/PVA
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rug
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60 +

40 ~

Timolol release (%)

20 +
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Hahn et al. Nature Communication, 13:6801 (2022)
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< Biological and electrical safety of smart contact lens for glaucoma IOP theranosis

Blank D-PEDOT AuHNW

w/ contactlens w/ contactlens w/o contactlens Epithalial layer off
Live :
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Hahn et al. Nature Communication, 13:6801 (2022)
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< In vivo monitoring and control of IOP by wireless smart contact lens

Antenna

Chip

Contact lens (mmHg)
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Hahn et al. Nature Communication, 13:6801 (2022)
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< In vivo monitoring and control of IOP by wireless smart contact lens

Normal Smart contact lens Eye drop

w/ treatment w/o treatment w/ treatment w/o treatment In ViVO therapeutic eﬁect by

theranostic smart contact lens and eye
drop in glaucoma rabbits induced by
injecting methylcellulose. a, OM
images for retinal histology. OM images
for immunohistochemical analyses for b,
GFAP, ¢, CDI11b, d, BDNF and e, Brn3a.

Arrows indicate the expression of each

RO R

marker (scale bar, 100 um).

Hahn et al. Nature Communication, 13:6801 (2022)
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Summary Smart piezoelectric contact lens for theranostic IOP management in glaucoma
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Wireless theranostic smart contact lens for
monitoring and control of intraocular pres-
sure in glaucoma

o Mesure de la pression intraoculaire (P10)

Un capteur baseé sur un nanofil creux en or
suit en continu la pression intraoculaire

@ Délivrance du médicament

Lorsgue la pression est trop forte,
la lentille libére le médicament
(le Timoptal)

PIO Hausse anormale

Tae Yeon Kim', Jee Won Mok?, Sang Hoon Hong @', Sang Hoon Jeang', P~
Hyunsik Choi”, Sangbaie Shin®, Choun Ki Joo® & Sei Kwang Hahn®*? | dela pression
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Glaucoma is one of the irreversible ocular diseases that can cause vision loss in
some serious cases. Although Triggerfish has been commercialized for mon-
itoring i Lar p in glaue there is no smart contact lens o
monitor intracculas p and take appropriate drug in resp Bas
o the intraocular pressure levels. Here, we report a precisely integrated ~J-
theranostic smart contact lens with a sensitive gold hollow nanowire based
intraocular pressure sensor, a flexible drug delivery system, wireless power
and communication systems and an application specific i d circuit chip
for both monitoring and control of intraocular pressure in glaucoma. The gold
hollow nanowire based intraocular pressure sensor shows high ocular strain
sensitivity, chemical stability and biocompatibility. Furthermore, the flexible
drug delivery system can be used for on-demand delivery of timolol for
intraocular pressure control. Taken her, the i far pi levels
canbe fully i d and lled by the th C SMArt Contact
lens in glaucoma induced rabbits. This theranostic smart contact lens would be

Pubilished asline: 10 Nowesber 2022 \L
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for gl and other

ocular diseases.

Glaucoma ks a chronic eye disease requinng dical

for patiers’ life time. Intraccular pressure (J0P) & one of the most
importane indicacors of gaucoma™. Gaucoma patients are generaly
recommnended for monitoring 10P and reducing 10P 10 2 lower range.

. the approp 10P comeral the andy inailable
first medical care for glaucoma patients. Commercial tonomesers such
as 2 rebound tonometer and 3 Goldmann applanation tonometer
(GAT) have been wsed for the static I0F measurements in the clinic’.
However, these measurements have some chalienges. GAT can be
inconvenient due 0 time and space constraims. Akhough home
tonometry ks portable, patients need to carefully follow the manual for
accurate detection. These can significantly incermupe the daily life of
patients. Furthermaore, & Is difficult to collect many data from the
conventional static K0P measurements in a single day and to monkor

the 1OP of patients. This may cause nappropriate treat-
ment to patients, because the 0P can change time to tme* . Recently,
eye drop soluions are the important frst medical tresement for the
10P control of glaucoma patiencs” . However, it is highly challenging
to achieve the high adherence of glaucoma patients. The method and
time of drug treatments as instracted have not been followed by many
Saucoma patients”. Furthermore, each patient can have a different
therapeutic effect of dnugs, which necessitate a different drug dase for
each person™’. Ac: s E 10 monitor 0P
changes in realtime and delivers drugs in response to the JOP profiles.
Smart contact lesses can provide 2 new paradigm in glaucoma as 3

w 5 methods with

nom-ievasive, continuous 10P monkoring and on-demand drug
defivery™ . In particelar, recent smart contact lenses based on strain
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6 La pression oculaire est contralée Nm

PIO apres la diffusion du médicament

Medical X press | Ophthalmology

Source : Nature « Infographie : Le Monde
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Smart Electrochemical Contact Lenf : . Smart Photonic Contact Lens
/ f)\ Smart Photonic Contact Lens
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Smart Glasses for Ubiquitous
Healthcare

Smart Piezoelectric Contact Lens
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< Wireless smart contact lens and glasses for ubiquitous healthcare in Industry 4.0

Clinic hub

_ 3 » -y Wearable healthcare devices

power
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