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1. Drug Delivery for Cure

& Medical Treatment




I What is better for your Drug Delivery system
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Large patient burden Small patient burden
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Hypodermic Oral
Injection Inoculation

Drug Patch ointment
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Today, Topic “ 7

What is
Micro

Array Patch?




Microneedle Array Patch

Microneedles (MNs), MN array

micrometer sized needles made of various biocompatible materials.

* can create the pathways into epidermis or dermis layers to transport drug molecules.
* minimally invasive, no medical professionals, convenient in storage as well as logistics

Representative MN array patch

Different types of MN array

[ Solid ][ Coated ][ Hollow ]

[Dissolvable][ Swellable ][ Porous ]

Sokd Coutos Halow  Disstaie Sasible  Porous
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No Pain,
Patient-friendly
Non-invasive

Less space
for storage

No biohazardous
waste

No medical
staff required



I Conventional Micro Needles for Drug Delivery System

Solid MN Coated MN EE ISV I\R Hollow MN

Stratum comeum
viable epidermis |

dermis

Refs: Y.C. Kim, J.H. Park, MR Prausnitz, Advanced Drug Delivery Reviews 64 (2012) 1547—1568
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I Various Types of Micro Needles for DDS

Solid Micro needle Coated
Microneedile (solid)

Silicon %y

Metal

Hollow Microneedle

Polymer|
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I Existing conventional Dissoluble Micro Needle Patch for DDS

EFSBEETA /70— FVERAVWER Ty ITIUNY) - RTLOEGE FHEZDOER

100 % transdermal local delivery of high molecule API (Active Pharmaceutical Ingredient)
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Micro Needles : Dissolving Micro needle (Biodegradable)

3‘:‘.‘0.
active compounds aneegetee
* Chemmical compounds, functionl natural maracts ......:
e

* Funcbonal proteina, poptides, hormones, DNA backbone materials

-
_ .
* Ranoparticles, liposomes, and #to
« Applicable to blophamesceuticals soch &= vaccines, msulin, and uie .
o
-

o « Wator solubde polymers: CMC, HA, PVP PVA, stz
B '.. * Non-water solubla polymars: Cheasan, PLA, PLGA
. L L o Water-of smulnany polymar « water + of

Weatee soluble .! Nen-ares solulile E. Wazar-al euinor J

WA+ Dye  Mallone + Dye Ordoran LA P+ Wootey + ON

100 % transdermal local delivery of high molecule API (Active Pharmaceutical Ingredient)
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I Commercialization Dissolving Micro needle

EGF
(Epidermal Growth Factor, £ s &K F)

and

Hyaluronic Acid

Argireline
(Acetylhexapeptide-3)

Prof. Stanley Cohen Nobel prize in Physiology & Medicine to discover EGF (1986)
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Cosmetic
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Histological view of Rat skin after MN penetration

@from Raphas Co. Ltd.




@from Endoderma Co. Ltd.

Improvement Rate of
Eve Wrinkle In Clinical Trial

NMN(Nicotinamide Mono Nucleotide : Anti-Aging, #i1&
L)) #2538k 4+ Sodium Hyaluronate (Hyaluronic Acid E77)L O
2 BE  RIBRLS) Microneedles array patch

Betore 4 hours after 7 days a'ter

15t gpplication 1St apgplication



' 'Microneedles for

_ Painless Injections
Top 10 Emerging ‘and Tests
Technologies of 2020 ' lacas

SPECIAL REPORT
NOVEMBER 2027

o medical kbhe
eenibl

Experts highlight advances with the
potential to revolutionize industry
healthcare and society

LB =]
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I More important: Microneedle for vaccination

Barrier Sweat gland

Stratum corneum 10-20 pm
Living epidennisl 224 e T
30130 gem :

Dermisl.lmm

~Dermis

Hypodermis 1.2 m

~

. Subculaneous
| tissue

~

Immune Respo
(Antigen Presenti
Langerhans’ cell & D

B
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Currently, Dissolving Microneedles

Problems

r

Commercialized only
in Cosmetic, skin
trouble care products
Still very few in DDS

(acne care, influ vaccination,
research levels for medical
applications)

Minimally invasive
manner
— still inevitable pain

Limitation of Low-
cost, Mass fabrication
of microneedle with
arbitrary shapes,
various dimensions

Recently, only few works about ISF
extraction sensor applications

C. G. Lietal.,, Lab on a Chip (2017)
J. Zhu et al., Small (2020)
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Conventional MN fabrication technology

1. 95% competitors 2. Others

Micromolding \ DAB(Droplet- born Air Blowing) )
Inkjet (Mushashi Eng.)
wyvy » vy —

HA —2 I|I -V:'I‘
ik Sk S

Raphas Ltd. Co. @Korea

\.

&), Difficulties ~

* Filling in mold- vacuum, centrifuge

J

Difficulties

*  Drying in mold- long time, Heating or UV Limitation of API components

- Detach from mold- surface treatment, cleaning . Difficult to fabricate various shapes/lengths of needles

\

7

3M @orium FiTheralect FULFILM WG B oo

(Prof. H. Jung, Journal of

Korean Companies: SNvia Co., Ltd., Dermajet, Small Lab., Endoder Controlled Release., 170, 2013)

ma, Karatica Co., Ltd , QuadMedicine..
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I We Can improve

Larger area of uniform microneedles with faster process time

Shadow mask

Direct Micro needle type
Dispensor usage or micro stamping

=—Fn —
BEA — l -
e7rovE /i ] ] ¢ ] v
Disnlvauble 2md Mesible
thin-Nilm sabstrate I:> T

IPVA7 1 LA i i 1 I I

\_ J

Patents by Raphas. Co., Ltd. (collaboration with UTokyo, BJ Kim one of inventors)

+  WO02017/200213 “METHOD FOR MANUFACTURING MICRONEEDLE” (PCT/KR2017/004058)

«  (¥#E)FFET10-2016-0061903=5 HEEH2016F5820H, 20175128298 & #%) HKHAXLIR : ¥4 /A= — FILELERE

«  (BE)FFE110-2016-0061909% HFEH2016F5H20H, 2017498 14H &) HPBE : v/ /0= — FILELERMEYEHREEE
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I New fabrication methods by Kim Lab. e
PCT/JP2018/035899

» Use the 3D printing to easily get the batch fabrication of MN array

* Make the dimension of the 3D printed needle shrink to micro-scale

* Active Pharmaceutical Ingredient (API) with MN for drug delivery

( A

Stronger Biodegradable Microneedles with Coated various drugs

A . AddAPI

fix A" -
.A‘K

A A .
A ~A_‘ A

WERTAY O

A X A | . |

i
- '
-t T .

* Design of arbitrary shapes of needles
« Various lengths of needles
« Various materials & APIs loading

Microsystems &
Nanoengineering
7:58 (2021)
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Drug Delivery MNP (poke, and deliver)

( )

Objective COVID-19 Vaccine delivery MNP using vaccinia virus vector[1]
Microneadlie patch Target

Deliver active pharmaceutical ingredients (APls) s

into skin in a non-invasive & effective way il

L Innovate & Substitute conventional e
drug delivery using MNP technology

MNP with HA microdroplets embedded[2]
‘ oy v

N

dissolvable MN array

Vaccine, sustained drug release,

Dizsostion of MN amrays
= > [mmecdiale release
(1" drug resease)

dissolvable MN, droplet-embedded MN

Diffumon of mic ‘r-jrlj('-":h
® -+ = Sustas '*-n extended ryease
et * ) reveos

Dissolvabie MN array

Gelated microdroplets  ©
Current targets elated microdrople

COVID-19 & other vaccines,
antibiotics, sclerosis, Keloid treatment
with hepatocyte growth factor aptamer

=1 /'Y

K hnr-qn Jnmv 2652353

[1] The 13th Symposium on Micro-Nano Science and Technology, 15P2-PN-5 (2022), [2] JSPE Spring Meeting, G103 (2021)
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For SARS-CoV 2 Vaccination Patch (@ BS-TBS 4/28, 2021
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Introduction 1

What is the limitation of current keloid treatment?

[1.2]

What is keloid?

» Fibroproliferative scars

 Altered growth factor
regulation

* Long-term psychological
& physical burdens

No single unifying hypothesis adequately explains keloid formation

Limitation of steroid tape & drugs:

.....

* Skin w.rln_kllng N cordran Tape, 1
- Vasodilation S Aurandrenolide T30% \
R LARGEROLL oy |
* Allergy N e —
* Injection causes pain CORDRAN® Tape (Flurandrenolide, USP)

New alternatives instead of steroid tape are necessary

[1] R. Ogawa, DOI:10.5772/intechopen.84178 [2] Ali Al-Attar et al., DOI: 10.1097/01.prs.0000195073.73580.46

23



Introduction 2

Previous research by collaborator, Prof. Okazaki

Keloid formation in buccal mucosa rarely occurs

Skin Oral mucosa HGF (Hepatocyte growth factor)

o Stimulate cellular functions

= + Anti-fibrosis and Anti-inflammatory
. g ‘. % »‘:‘.-.‘ -‘- . » HGT [4] HGF [5]
E O —— = 15.004 .
. : ~ g 12%4 T
2 - : 5 D 1001
- § ' g E 1504
A '§ 5.001 T
Legend N ¥{ne5) 8{a=6) 10
1 wecrephage ) 1o © vorst  ® Mamce SANDLE GROUP 000 . yEasre.ri P Cs cd
& Nusophd L BodvVenes @ Torg * p<0.05 Kscar

High expression in oral mucosa & Low expression in keloid
HGF treatment would be promising for keloid treatment

[3] M.F. Griffin et al, DOI: 10.1089/wound.2021.0038
[4] M. Okazaki, et al., Journal of Dermatological Science 30 (2002) 108/115

[56] G.C. Limandjaja et al., Archives of Dermatological Research (2018) 310:815-826, DOI: 10.1007/s00403-018-1873-1 24



Introduction 3

Previous research by Lin and Cai in {Ri&XZ0%

HGF Aptamer-loaded Microneedles

Oligonucleotide mimetics of
HGF developed by Sando Lab

[6]
N-mer with Kim Lab

-
- >

¢ w

Successful administration of HGF
Single-stranded linker aptamer and therapeutic effect for
(ss-N) : . (7]

scleroderma model in mice.

Our new technology would be promising for new
keloid treatment

[6] Ueki et al, Sci. Adv. 2020; 6: eaay2801 [7] Lin Cheyu, Master thesis in 2021 FY, Department of Bioengineering 25



Objective

(© Inflammatory Response (® Keloid treatment (® Recover

Apt-NPs Microneedle

i




Result 3-2

Group division

Group division

Groups Treatment Instruction
A Healthy mice 45pg/mice/day HGF apt Control group {7 days)
B Kelold model 200uL/mice/day Saline Keloid model group (7 days)
C Infection bolus 315ug/mice HGF apt Negative control group (One shot)
D Injection daily A5ug/mice/day HGF apt Normal treatment [7days)
E Aptamer-MN 315ug/mice/day HGF apt | Local delivery [One time)
F Aptamer-NPs 200ug (10.0% E.E) HGF apt | Controlled release (One shot)
G Aptamer-NPs-MN | 200ug (10.0% E.E) HGF apt | Local + controlled release (One time)
H | Steroid tape 1cm*1cm tape (4 ug/om?) | Change everyday (7days)

27




Result 3-3

Dermal thickness

H&E staining
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Direct administration x
l
Drug delivery system v/

o

Control Keloid Bolus Injection NPs MN-Apt MN-NPs Tape

HGF aptamers utilizing DDS had shown therapeutic effect in mice model

Data are expressed as Mean + SD(n=4), *p<0.05."*p<0.01.***p<0.001, by One-way Anova
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Result 3-4

H&E staining
Scar Elevation Index[1% :
22 o &
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MN-NPs performed best 02
therapeutic efficacy 0.9

Control Keloid Bolus Injection NPs MN-Apt MN-NPs Tape
Daily

HGF aptamers utilizing DDS had shown therapeutic effect in mice model

Data are expressed as Mean + SD(n=4), *p<0.05.**p<0.01.***p<0.001, by One-way Anova
[10] Z Yang, et al., Lasers in Medical Science (2019) 34:1317-1324, DOI: 10.1007/s10103-019-02716-5. 29



2. Light Delivery for Care




I MAPs for light therapy & new applications (poke, and irridiate)

Objective

MAPs are used to treat skin-related diseases directly
> realize fast, simple, and low-cost treatment
> establish novel light therapy

(Photodynamic Therapy, PDT) using MAPs

Types of MAPs

Solid (transparent) Optical MAP mainly, as a light guide

Target location & feasible applications

» Epidermis, dermis (with light exposure)

» Photodynamic therapy (PDT) for skin diseases
(melanoma, acne, telangiectasia),

* hair removal

The other Types of MAPs

hemostasis, biotagging,...

-

vAg
< >

Light source

:  Epidermis

Dermis (1-4 mm)
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] ] u u ] ( v’ A o
Skin barrier limitation o, f
Light Interaction with Tissue
. . . . . | — Absorption
PDT not effective against nodular and invasive forms : o J Reduction in light energy due
] 3 to absorpti_on by hemoglobin
« Stratum Corneum (SC) limits the entry of anticancer W / and melanian

agents Stratem Comeurs —+
- Fpidamirmec
°

Light does not diffuse properly deep in the skin

= Deris

= Need for a medical device to resolve these limitations

Scattering
4% and 7% of visible light is
reflected from the skin surface

Refractive Indices
From 1.36 to 1.41 for dermal
tissue

Ssbostaseous

Tes and al, 2018

Optical Microneedles patches Wl‘m

| pudermes

 Delivery of molecules into deep layer of the skin L - 4
« Conduction of light over the dermis layer through the
microneedles Hypodsin

We develop optical microneedles patch that conduct
light for treating skin diseases

We and al, 2022

P

Munwendles
-

oe LED lighn




MAPs for light therapy & new applications

MAP to treat Skin cancer

> Induces the apoptosis of melanoma

cells by direct light delivery
> Blue light array (467 nm) as light source

> Light dose: 146.9 J/cm?

- \\y

-

E-

Bloe lghe + MN
Cosarrd Hiae liphe » MM Coonn +Al feil

“(\‘“----

DID

b e

Muoc
Sorerad

-\
|
|

| Bl |
|
|
1

[1] Biomed. Opt. Express, 13(2), 1045 (2022) [2] Micromachines, 15, 6 (2024)
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Coated MAP for Photodynamic
therapy®

> Photosensitizer coated on optical MAP

> Kill non-melanoma cancer cells (e.g Basal Cell
Carcinoma) by reactive oxygen species activated
by light delivery

Photosensitizer coated .
Optical MAP

T\ Lv-pu nm "

MAP for Biotaggingt!

> Biotagging for animals using patterned MAP
> Pattern formation for identification and
its persistence over 1 month confirmed.

Afver MN application

- e Road by
~ LA R B B J

LN P T Nuked oy
..

=) %

.~ P~ »

wearmal

Pattern Al Day 0 Day 10

[3] Scientific Reports, 13, 22843 (2023) /d:'




MAP for Sensind

3. Extract for Diagnosis
WEIIRELLY,




Health

Our Mission

e We believe that is
better than cure.

Preventive solution should be
widely accessible, convenient,
and accurate.

.
» Successful Aging




Our Solution

We make

self-monitoring N = et -
for everyone. R==Susiig e o )

AT
Human skin { u
l Cortisol Stratum cormeum
Cholesterole—. /’ k r 15-20 yem
gy Glucose 2 , ’
[ W Epsdanmis
. o T m
A TA NN = Dermis
' .« =% [ 1-tmm
% _‘\l' _‘\)” ‘
| Colerimetric analysis 120 mm
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Porous Microneedles@B.J. Kim Lab.

— sampling by

“Porous Needles”

___ Naked-eyes observation

Negobve g

Scientific Reports, 12, 10693 (2022).
https.//doi.org/10.1038/541598-022-14725-6



https://doi.org/10.1038/s41598-022-14725-6
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I Biosensor MNP (poke, extract, and analyze)

Sensor group

* Objective

Develop MNP to extract interstitial fluid (ISF) & analyze ISF for sensing & monitoring the change of
body functions >> Realize fast & simple diagnosis on site as healthcare device (instead of blood test)

« Keywords: porous MN, capillary action, interstitial fluid (ISF), colorimetric sensing

« Current targets: glucose, antibodies, cholesterol, cortisol, hormones, and so on

~

“ Paper-based
Colorimetric

/ Sensor

WM seomon IgG sohmon

- s L.l
| Ll
WV 00 1l Gebny Compd P25 soeexwy
[ g L »
, -
] B .
' 1} -

[P P ————

e e— - Ay

Porous MNP Glucose Sensing!!] Sensing COVID-19 Sensing Cholesterol
QLGA or PLA) / antibodies & concentration(2! Levelt3]
[1] Medical Devices and Sensors, Vol.3, Issue 4, e10109 (2020), [2] Scientific Reports, Vol.12, 10693 (2022), [3] JSPE Autumn Meeting, G31 (2021) tl.!:_
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I MAPs for diagnosis — Recent researches

MAP for Glucose assay! MAP to diagnose COVID-19 antibody2 | MAP to diagnose Cholesterol®!
> Integration with colorimetric assay > Integration of porous MAP with lateral flow assay > Easy diagnosis using colorimetric assay
> LoD of glucose: 0.11 mM > LoD for IgM & IgG antibodies: 3 ng/mL & 7 ng/mL > LoD for cholesterol: 0.12 mM
Qunt:mlblm
s —r
" T
" Epndeirey
Ve ) ) —2 ﬂ; :'!)Jm
. > 4 N f-\ P A W AL
M é i v
g 5 ao'bw 7‘_‘ lllk"m\' —|
-i : Paper sensor Porous Microneedles
-~ ] / "‘":: Sovio Porzas Mcrores e Pasch
3 Aedra rows b PLGA ' ‘ :.’._.T...!‘
_ﬁ_ Porous MAP :‘7‘“" p— r\,.;_.:‘—._-.:"‘_‘,;
!o-*a-{ __-c.wu'.n N -
T e ———— - - 4 o Y rv——]
OmM TmM  3mM 5mM 15mM 30 mi W et eevirare ' 1 <
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s ] . o et o Tew
1ed - ~ ‘ ~ ber ¢ 035'( ]
v i - = ‘ Cre 00000000

g g “ Iz 02l —~wp [ — S
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@ ] ol L L :-, e . |
20—t — - - - CEAPEE § w1yt S0t 1 et St TR e p———— 005} |
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[1] Med. Devices Sens., 3, 10109, 2020 [2] Sci. Rep., 12(1), 1-16, 2022  [3] uTAS2022, W150.f, 2022 ?C_, = 5 o
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NEWS RELEASE 14-5EP-2020 Medha Contact

Painless paper patch test for glucose
levels uses microneedles

Peer Reveaed Publcation
INSTITUTE OF INDUSTRIAL SCIENCE, THE UNIVERSITY OF TOK
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Painless
The patch use
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I Wearable sensors as ‘“electronic device”

Motion-Tracking sensors

» Accelerometer, Gyro, Magnetometer

«  GNSS( GPS, Galileo, Beidou, GLONASS) | '

Bodily Function sensors @1

0 BioStamp

AR

* Heart rate, Pulse Oximetry
* Temperature

* Chemical/electrical: RF communication

Programmable
Multiprotocol SoC Bluetooth Output Voltage Ultra-
256 Mbit (32 MB) built around 32-bit M0 CPU Low Power Buck
non-volatile memory /,,/ Convertar
| 5
. < = 3
Lithium Polymer,
— Rechargeable
3-axis MEMS Battery (15mAh) -
accelerometer +
Temperature
Sensor
h, TS Wireless
Shx-Axis [Gyro & Low-Powet, 2-Channel 16~ Cha rlg g Unit
Accelaromater) MEMS Bit Analog Front-End for using 13.56 MHz
Blopotential Measuremaents power tranafer

s T
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Bio markers -> Fluidic Biomarkers for smart bandages

Measurement Input Needed Connection Continuous
Temperature Electrical Voltage Skin Contact Electrodes
Electrocradiogram Electrical Passive Adhesive Electrodes
Photoplethysmograph Optical Light Adhesive Sensor
Electrolytes Potentiometry Wicked Sweat/Blood Wick
Blood Gasses Amperometry <__ CapillaryBlood Microneedie
DNA Markers DNA Nuclelc Acid Amplification/FTaTd Sample | Swab/Tissue Sample
Protien Markers Eletrochemical/Optical| Swabbed Blood/Sweat/Urine/Sweat Swab Maybe

Biomarkers examples

Neuropeptides (NpY, Orexin A..), Catecholamines
Cytokines, Corticosteroids

PSMA/Antigens

Glucono Lactone (glucose oxidase)

Saccharide (boronic acid)

BNS (Bio molecul



1. Motivation: Interstitial fluid (ISF) sampling for medical diagnosis

Dermal ISF: Potential bodily fluid for medical diagnosis Inracelllar fid

Interstitial fluid (ISF) is a bodily fluid naturally produced via trans-capillary blood exchange that

surrounds cells within tissues.

Dermal ISF, ISF within the skin, is commonly thought to be roughly equivalent to blood in terms

of biomarker composition. Because it is present near the skin’s surface, it could enable easier

access to biomarkers without the pain or clotting associated with blood draws.

~ Microneedles for dermal ISF sampling

o ° ® oo ° ' )
v v ° f o 2 1 if 7 ' v a | *— Hair follicle
SF ' @ [ o o
< -
Paracellular o _ Strgtum corneum
(hydro ) Exl © Ovemdes: N o os 1 h N = (Epidermis, ~10-20 um)
. - =~ Viable epidermis
,1' . ~  (~100-150 pm)
Capillary ¥
sndathmlinl colin - e 3 Sweat gland
' Dermis
!
P e Arteries and (~1200 pm)
! veins "
{ G [ ] |
Blood | ° | Hypodermi
ypodermis
Smal solures .' @ Modium sohutes Nerves J
(<310a) @ © . [2-20kDa} - Muscle layer
lons, Glucose, Urea (~0.1 kDa) Insulin (5.9 kDa), Haemoglobin (6.8 kDa) 1gG/IgA/IgE (150-190 kDa)

Cortisol (~0.4 kDa), Vancomycin (1 kDa) Cytokines (15-30 kDa), Albumin (66 kDa) IgM (990 kDa)

Nature Biomedical Engineering, 2023, 7, 1541-1555. Trends in Analytical Chemistry, 2021, 135, 116148.
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Interstitial fluid (ISF) for biomarker analysis

23
Intracellular
Fluid (ICF)

1/3
Extracellular
Fluid (ECF)

0%
Interstitial fluid
20% Plasma

Tissue cells

" W

™

f
Blood capillary

Blood 135-145 0.5-10 4.1-6.9 Tens of Relatedto  Picomolar to  Varies

plasma mM mM mM nanomolar  dose nanomolar

ISF Similar to  Similarto  Similar to  Similar to Similarto  80% of 15-25% of
plasma plasma plasma plasma plasma plasma plasma

Saliva Tens of Tenths of  ~1% of Similar to Similarto  Local Local or
millimolar  millimolar  plasma plasma plasma dominates diluted

Sweat Tens of ~5-10mM  ~1% of Similar to Similarto  <0.1% of Local or
millimolar plasma plasma plasma plasma diluted

https://www.lecturio.com/concepts/body-fluid-compartment/

Heikenfeld, J., Jajack, A., Feldman, B. et al. Accessing analytes in biofluids for peripheral biochemical monitoring. Nat Biotechnol 37, 407-419 (2019).

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo

The interstitial fluid (ISF) refers to the
human body fluid surrounding cells and
tissues that accounts for about 80% of
extracellular fluid, serving as bridge
between blood and cells for biomarker
exchange.

> Similar biomarker composition with blood

> Related concentration to blood

> Distinct proteins present in ISF

Concentration range of Glucose
blood plasma: 2- 40 mM
ISF : 1.99-22.2mM
Saliva : 0.008-1.77mM
Sweat : 0.01-1.11mM
Tears : 0.05-5mM


https://www.lecturio.com/concepts/body-fluid-compartment

I Conventional ISF sampling methods

Access to ISF from skin dermal layer

e » Complex components and process
» Require for medical expert

* Tissue damage and skin injuries

‘.‘ Ventrelli L, Marsilio Strambini L, Barillaro G. Microneedles for transdermal biosensing:
- current picture and future direction. Advanced healthcare materials, 2015, 4(17): 2606-2640.
\’ ~ https://kennedylab.med.umn.edu/skin-blister-device
|

https://www joanneum.at/en/health/infrastructure/open-flow-micro perfusion

Suction blister Open flow microperfusion

ne example

¥ Insulin Entry Poimt

Currently ©

CGM
(Continuous Glucose Monitoring)

|

Tissue Fluid

St

©Abbott. -
BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo
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Major accomplishments in history of MAP, with focus primarily on sensing applications

a. Initial Concept

g- Self-powered Sensing Hollow Solid
- microneedies microneedies
\ \ T—W T PR
1
ooty ¢ G

W Fwg-ep e mvcsneile

Bata bectamaw hydrogel
N
-

o Pehraeaaere

d. Capturing Biomarkers
In-vivo > M

v Wired Medow micromesile ¢ My e’ ph

M. immarted Aalow nicroneedly - I ﬂ i
)

'

W, inserred Aailow neTonee H

h. Parkinson's L-dopa

I Zow mive mkTarcediva

H.Teymourian, et al. Adv. Healthcare Mats., 2021

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo
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ISF sampling via microneedles (MNs)

Solid Coated  Hollow Dissolvable Swellable  Porous m .
L\ [ [1 h\ SO /f [J ‘\ ﬁ "« Cumbersome fabrication process
| ’l ",. .{ _:‘_, |

A £ ,L é\ ' | |« Channel congestion
Y / v W a \/ CH W « Non biodegradable material
e B .+ Post processing and sample recovery

||
| \
!
u

¢ 4

I's § J

oM - ' Swellable MNs \

an l,

» Medical expert or laboratory analysis

i+ Bio-marker
orog § PorousMNs

® No need for medical expert during usage (o4& @ ISE extraction with capillary force

® Simple and low-cost access to dermal ISF

® Biodegradable polymer material

. . . . \f ® Biosensor integrated onto MN substrate
® Minimal invasive manner \

Bao, L., Park, J., Bonfante, G. et al. Recent advances in porous microneedles: materials, fabrication, and transdermal applications. Drug Deliv. and Transl. Res. 12, 395-414 (2022).

LB =]
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I Requirements

Geometry

‘ Porous MAP

Electrical and
Electrochemistry

Biocompatibility|

Mechanical Immobiiization

Property

|
Dissolvabld 0
Propearty

H. Abdullah, et al. Microchimica Acta., 2022

4 Anti-fouling

Porosity

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo

Biodegradable PLA porous MN array patch




Several Porous MAPs in KimLab

KM Lot

/Lt.

—_ - )
Fatrication Hot embossing Porogen leaching Single emulsion | Microfluidic
technique
Material Stainless steel POMS HA PLGA PGMA PLAPVA PLA
Fallure force (N) 0.52 0.34 0.34 1.35 0.93 0.19

Porosity (%)

~ Pore size (ym)
-lvn si;ro ufract%oo
(uL/ min « needle )

Optical
Microscopy

PLA

PLA, PVA
PGMA
Stainless steel
McHA

PLGA
PDMS, HA
GelMA

0

| This work

0 .0;)6 n'\ g 04;3 = .0'2 0;-'} 3 O'J 0;15
In vitro extraction ability (unL/min * needle

> Porous MN array extraction ability increased by regulating pore size distribution under same porosity
when using microspheres of different sizes for MN fabrication.

Further Tasks

* Porous MN extraction ability improvement using smaller microspheres or surface modification.

» In vivo extraction ability test on rat dorsal skin for practical application.



Current fabrication and problem of porous MNs

>

Tradeoff problem between

extraction ability and
mechanical strength

Extraction ability

Mechanical strength

High extraction ability : .
) Increase extraction ability
required for porous MNs | === by regulating porosit
based biomarker analysis yIee £ y
T )
Fabrication method | Material Porosity (%) | Pore size (um)
Hot embossing Stainless steel 36 222
PDMS 60 ~ 80 30-60
PLGA 30~65 5-15
Porogen leaChing PGMA 36 ~ 49 1
PGMA _— oz
. CA 40 ~ 90 =
Phase inversion P e
PSF-PDA-PEG | _— |6
Single emulsion | PLA, PVA 23.4 ) e TS
N 4

Porous MN array made with different materials for ISF sampling
BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo

Porosity of MN array

.



I Biosensor MNP (Porous MN details) Semsor group |

Microparticle preparation using Shear Flow focusing microfluidic technology

Continuous phase

- - Microdroplet o
I | Solvent | Polyvinyl alcobol
= 1 | removal O 3
A | EECETEEEE N
Dispersed phasg— — - ) | a2 o
- 7 S . w 7' T T YT Polyhetic aetd
e Continoous phase™ Microdraplet solution Microparticle soluton Micropartiche solution 0" In 3

”

~

PLA porous MNP composed of
bonded microparticles ;Z_" .

Fabricated PLA microparticles
BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo



I Microsphere production

Microsphere characterization

7 ; |
=- —_—
N’ — 30 - _ -1
é-) 25 |- - °\° Daverage_15~2 pm
£ < x5l CV=3.06% ]

r . <P]
g of S0 ﬂ
= S =t 1
= 15 ¢ 5
9]
S . .'E: 15 o
D +
<= 10} >

[~ W
& 0l ]
S st
.é 5_ |
n .- .- Y GHEN -— - Y SRS - -—t —
» . J |
¢ 40 o 0o % 12 14 16 18 20

a L)
Microdroplet diameter (um) Microsphere diameter (um)

Shrinkage ratio = D, / D4 = 28.05% CV=0/D=2-6%

Monodisperse microspheres of different sizes.

Scale bars: 20 pm

(R2=0.99, 1% PLA/DCM) CV : Coefticient of variation

Ds : Microsphere diameter (um) o : Standard deviation of microsphere

Dy : Initial microdroplet diameter (um) diameter (um)

> Monodisperse PLA microspheres
with controllable diameters from
10 um to 50 um

(variable by changing dispersed phase concentration) | D : Mean diameter of microspheres (pum)

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo
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Experiments and results 14[,

Microneedle array optimization and evaluation

[ Extraction
[ Penetration

.

(=]

10 20 0 40
Microneedle array dimension Microsphere size for MN fabrication (um)

* Height : 1060.6 + 12.4 pm : : :
> Porous MNs fabricated using 10 um microspheres had

better extraction ability and mechanical strength than that
* Tip diameter : 26.1 + 6.1 um of 20 pm microspheres.

* Base width : 596.8 + 19.4 um




Experiments and results

Microneedle array optimization and evaluation

Q1 0,15 ' 0.2
Displacement (mm)

005

> Average failure force of porous MNs made with 10 pm microspheres was 189.4 mN, larger than
the force required for human skin insertion (58 mN).

> Average failure force of porous MNs made with 10 pm microspheres larger than that of 20 um
microspheres (137.7 mN).




Experiments and results /Lt

Microneedle array optimization and evaluation

Double side tape

Cellulose powder F=5N
%% Porous MN array l

Colorimetric paper sensor

= ) —. 8 =

1% agarose hydrogel containing 5 mM glucose

Porous MN array integrated sensing system for glucose detection Right after MN application 3 min after application (color change)

> Porous MNs made with 10 um microspheres could extract 8.14 pL sample fluid from human skin model
in 1 min and saturated within 3 min when pressed with 5N (0.326 uL/min for each needle).

> When integrated to glucose sensing system with sensor on the back of MN array, the colorimetric paper
sensor started to change color after 2 min and saturated within 10 seconds.
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New Porous MAP by using Nonsolvent-induced Phase /5 /-
Separation Method (NIPS)
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3. MOI"phOlOgy of porous PGA microneedle array patch (MAP)

MN length: avg. ~1069 pm

Base length: avg. ~601 pm

Array: 5x5

Substrate thickness: avg. ~267.5 um

Patch dimension: 12 mmx12 mm

Gradient distribution property of

micropores on porous PGA MNs.

Middle part Bottom part

Fig. 2 Morphology of the fabricated porous PGA microneedle array patch (MAP).




4. POI"OSity and mechanical property of porous PGA microneedle array patch (MAP)

. 100
Open micropores
\ o7 -~ v BinlE
& 60
=
8 40+
=]
(8
a D 20+
Closed micropore
[ PGA [ ] Micropores (open + closed) 0
Total Open Closed
porosity porosity porosity

Fig. 1 Porosity evaluation of the porous PGA MAP based on Archimedes' principle.

> The open porosity and total porosity of the porous PGA microneedle array
patch (without filter paper) are 82.79 + 1.73% and 83.50 + 1.33%,

respectively, exhibiting a high porosity.

» Majority of micropores formed on porous microneedle array patch are well
interconnected according to 1.91 + 1.00% of the closed porosity (i.e., the

difference between the P,,., and P,,.,,).

Compressive

Shear

E

Shear force (mN)

P,(400 um, 1490 mN) A 1500
L S— 3(50 um, 79 mN) z
E
] L1000 £
| 2
$
4 2
W
o
‘ 500 =
§
P1(180 pm, 380 mN) %
T - 0 = 0 ; o
0 100 200 m -

Displacement (zm)

Fig. 2 Mechanical property of the porous PGA microneedles

WC

Before

R -

After

The porous PGA microneedles have the

failure force of 380 mN and 79 mN in

vertical and shear direction, respectively,

which are large enough for piercing skin

(> 58 mN) and sampling dermal ISF.

7/11



5. Extraction evaluation of porous PGA microneedle array patch (MAP)

Compressive force
i §i
)
= 204
2
< 15
Glass sheet [ Double-side tape g 1°<
Porous PGA MAP Filter paper E
w
B Aluminum foil: 12 pm-thickness 51
Bl Agarose gel: 1% methylene blue,

1% agarose

0.2 N-force for 20 min

Fig. 1 Back side-view of extraction process. Result 1: The porous PGA MAP (with
] ) ) - ] ] filter paper) can extract 20.69+2.50 pL-
Table 1 Comparison in extraction ability of the porous PGA MAP with others (all Kimlab. porous MNs)
7 ~N liquid under 0.2 N-force in 20 min.
Material PDMS, HA PLGA PGMA PLA, PVA PGA
Porous
MAP Result 2: The porous PGA MAP has the highest liquid
sample extraction rate than others.
Sam
Rate (PGA:1 N-force for 1 min; others: 5 N-force for 1 min)
(uL/min- 0.022 0.036 0.268 0.322

needle)  1st generation

8/11 W



4. RESULT confidential

[II. In vivo: with animals <4y

Before

¥» After 30 min 3  The following day

TV

WSy . L
NS I

» Puncture mark disappears after 30 minutes
* No puncture mark or redness of
mflammation on the skin the following day

21



02 Experience 4. RESULT confidential

[II. In vivo: with animals ”/\ A ]A

PR,

A N Only porous MNs part (Ave: 0.273mg) I ) B *Loss = C-(A+B)

B [ Non-woven fabric part (Ave: 0.333mg) 4 -’
0.8

C-(A+B)

Only porous . Non-woven
A MNs part B fabric part Protess loss
: l

|
|

29% 35% 36%
2 * B absorption decreased and losses
increased. (Loss ratio:26—36% )
* Variation from sample to sample
0.0
6 T 8 9 10

* Less absorption than agarose gel
i 2 3 4 3

Sample no.

=
=)

Weight (mg)
(=
£ SN

(=]
N

amn



Diabetes Mellitus

1in 11 | DIABETES

It is estimated that 415 million people are living
with diabetes in the world.

Diabetes is a leading cause of death and disability

worldwide.




GROWING DANGER

Type 2 diabetes increasing in every country every year.
78,000 children develop type 1 diabetes every year

GOVERNMENT NEEDS

Diabetes caused at least 465 billion USD in healthcare
expenditures in 2011.
(11% total healthcare expenditures in adults)




More
Problems

LIMITED DIAGNOSTIC SOLUTIONS

Current devices are expensive and obtrusive for pre-diabetes and
diabetes patients. The blood collecting process is painful, requires
administration, and nobody has the time for it these days.

80% ARE NOT AWARE

Approximately 88 million American adults— —have
pre-diabetes. Of those with pre-diabetes, more than 80% don’t know
they have it.

80% CAN'T AFFORD

Nearly 80% of people with diabetes live in low and middle-income
countries. Current mass glucose monitoring solutions are expensive for
governments .




Why Now?

Worldwide diabetes can be treated and its
consequences avoided or delayed with diet,
physical activity, and medical treatments but
most importantly: Regular Diagnostics.




I Application of device

Preparation

With adhesion t '
Ith adhesion tape Attach and analysis

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo

Disposal

L™



Results of fabrication

— MN side —— — Sensor side —

Entire view of
the device

Color development
Glucose analysis

>

i

Research object 1 : porous MN Research object 3 : Integration with paper-based sensor

Research object 2 : PLGA biodegradable polymer

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo
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(a) (b)

1. insertion

Sensorlayer - A'“"""‘Zm foil Glucose oxidase, peroxidase ( 2 enzyme) and TMB dye
“Glucosedissolved Glucose + 02 ———e2XB% | Gluconic acid + Hz07 Hz0

Microneedle layer agarose gel ' nav.

.

omM 1mM 3mM 5mM 15mM 30mM
2. Analyte absorptlo%d _— - | Wik
Doublo-sidodﬁ H,C y | O 0 . .

m 4
S SN o 1o
o o 120} ’
3. Analysis reaction TME ,-0?100 i §
——————— 2 o
\ i A o o o
£ el *
9 il
O
* Capillary driven(FE#IE 51)- 35 nL /min./— O 51 2
=
- Within 2 min. S R
_m 1 1 1 1 ] 1 1
0 5 10 15 20 25 30

Glucose concentration (mM)




Comparisons with previous study on glucose monitoring

< Sample : Blood (telemetry)
T Metabolic heat conformation
[ f.r' L3 " = .I:L
\'\\\ m-':"\j‘j ..‘:..:.
> \/’ e o Wty e d
=
>< _ .
O Sample : Sweat MN-base electrochemical
—_ . sensor
o Electric tattoo Smart contact lens
L_§ 5.7 P
g; N ;hl. ‘!V”ﬂ
O - ' 3 « _:'3 [——
)
9 i Sample : Tear
5 Urine test strip — Our device —
0 e )
(G - ‘-_ -t;. :
2 Sample : Urine £
~ Only for diabetic patient For non-diabetic patient 1

Sample : ISF/ blood

Commercialized device

SMBG kit

— Sample : ISF

Concentration range of Glucose
blood plasma: 2- 40 mM
ISF: 1.99-22.2mM
Saliva : 0.008-1.77mM
Sweat : 0.01-1.11mM
Tears : 0.05-5mM

Low

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo

Invasion

High



Comparison of with previously developed glucose sensor

0.6
Paper-based
- colourimteric sensor _. . Sensor-based on MN
' without MM This work (electrochemical assay)
-.coca.loco.l-'-.-o;-loo-.cco.ocooao-o.— :O"E""- .......... .........;............-..-....
0.4 F i 1 : :
s Starchyf HRP/MAOS
§0_3 'B—Cl)c:’g:@Au Potassiumiodide 0.3 mM
a | me /GOx
S 0.026 mM 0.1 mM GOWHRP/TMB
0.2} p— 0.12 mM
— i : GOWPt
o F e . OPPy/AuNPs! 0.1 mM
0.1 oy ML
High precision
0.0 '
GOWHRP/ GOXHRP! Pt GOx' PtNPs
TEHEA DHBS/4-AA F"f,’%’;’;",‘;“,ﬁm 0.05 mM 0.26 mM

0.047 mM 0.213 mM

B The fabricated and applied sensor in this work has a satisfying LoD compared to previous research

B The device proposed in this work has as an advantage in usability compare to other sensor

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo



Porous Microneedles

Diagnosing
COVID-19

Tool for Painless, Rapid Detection

Scientific Reports, 10.1038/s41598-022-14725-6, 2022
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Evaluation of lateral-flow PMNIA

Anti-SARS-CoV-2 IgM & IgG detection

(@) IgM positive (b) IgG positive (c) IgM & IgG positive (d) Negative

; aw ¢ W- F””“l?;<= I | [ ffiwucc-l__ wwi ‘;_ji_

a. 5 pg/mL anti-SARS-CoV-2 IgM antibody; b. 5 ug/mL anti-SARS-CoV-2 IgG antibody; * Scale bar: 5 mm

c. mixture of 5 pg/mL anti-SARS-CoV-2 IgM and IgG antibody solution; d. PBS solution

Limit of Detection (LoD)
LoD for anti-SARS-CoV-2 IgM (n=3) LoD for anti-SARS-CoV-2 IgG (n=3)

Magel ' tugml 1Wapel Vol Tigpel 10 gl

Wpawh. 1 pghel e ngad. Naghl. el W0 oyl
i 3

babad ‘ | LoD: 3 ng/mL 1 B LoD: 7 ng/mL
\ WG e - i
Careol Ane l l I | - @ | Controiire ’ -1 | - “’o;

I8 w ig 19 - 1

= S l s }
8 &l
£ 1 i
- h 25 |
E i Eeo m-

55 { g2 | i
éz 10 Fa— .gz ”"

- M &D Gl T om- LoD
-~ - . - k. - o!:..w;j- ’_'-: -
100 poivel. 1 sg'wl 10 ngYel, 100 Nyl 1 e, 18 ppiw 102 pp'ml | rgiri 10 ngiml 100 nginal T pgiml 10 e
Concentration of IgM antibody Concentration of 1gG a o g
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Comparison with previous researches (LoD)

[ ] Anti-sARS-CoV-2igM [ ] Anti-SARS-CoV-2 IgG

i ! Anti-SARS-CoV-2 antibody

Other biosensors

100 pg/mL LFIA (blood) PMNIA (ISF) (blood) ELISA (blood)

FeTeeETEseeTEsREnwe I L T pdadededeiedede btk bt Ll TS '
- ' | [ '} '

§ 10 pgimlL Commercial kit, - ¥ b ' '

[ AuNPs

- 1 pg/mL ; 356-ngini. 400 ng/ml 280 ng/mL

~ 100ng'mL:  Selenium NPs|  Lateral-

% 100 ng/mL 2\,) noiml ) n(.)w Gr'p.hene 40 ng/mL

2 10ngimL z iR Gold

% PR nanospikes gL

1) 1 ng/mL 0.5 ngimL

.é Y

@ 100 pg/mL ) 0.08 ng/ml

5 Si02d@Ag

= ‘

Q 10 pg/mL :

3 : L

1 pg/m
thamip- A Ne==N | J: B, ! I i
20 ng/mL 5 ng/ml 0.14 ng'mL 0.8 ng/ml,

Comparable or higher sensitivity than currently available commercial kit

>> Demonstrated that the proposed lateral-flow PMNIA can be a promising device for
painless detection of SARS-CoV-2-specific antibody in ISF

BNS (Bio molecular Needling System) Medicals @ BJ . Kim Lab., IIS, The University of Tokyo
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