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»» Current treatments for Rheumatoid arthritis (RA)

» Affecting approximately 1% of the adult population

Thickened
synovial
membrane

» Characterized by chronic synovitis and cellular infiltration

» Leading to bone erosion and cartilage destruction B ol e
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»» Transdermal administration for RA

: Enhancement strategies through the skm :
E ' \*‘ 1 3 _,,; 3 E
: %{2 P :
. ) ~Eo. s .
. 1 < .."5'/‘ K:( s A .
P & T g :
. v \\3 - .
+ Ultrasound Microneedles Chemlcal enhancers Solid lipid NPs ~ Nanomicelles Polymeric NPs Liposomes &

Rheumatoid Enhanced permeation of

Activated macrophage arthritis site drug across the skin
> Bypass of first-pass effect > Avoidance of gastrointestinal harsh environment
» Improved patient compliance » Reduction of dosing frequency

Qindeel, et al. Journal of Controlled Release, 2020 3
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»» Microneedles
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»» Advantages of MN

The needles(normally 200 pm-1mm) can be fabricated to be long enough to
penetrate the stratum corneum, but short enough to not come into contact

with nerve endings
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»» Categories of MN

Polymer MN ]

Solid MN |

Hollow MN |

Coated MN I

Kim , et al. Advanced Drug Delivery Reviews, 2012
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»» Polymer MN prepared in our lab

Powder MN Vaccine MN

Tip loaded MN Flexible and wearable MN v



Precise characterisation of mechanical
strength of individual MN with

micromanipulation
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The mechanical property of
microneedles is crucial for their
skin penetration

Mechanical
sensor

U |||‘/ o
Lt
T

Platform

Available strategies only provide
average rupture force
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cromanipulation
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Micromanipulation was developed in Pro. Zhang's

Prof. Zhibing Zhang
University of Birmingham, UK lab for mechanical property characterisation of

Fellow of the Royal Academy of Engineering

micro- and nano-scale particles
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»»> Advantages of micromanipulation

“"' SICHUAN UNIVERSITY

Available strategies Micromanipulation

Mechanical
sensor
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@ Detection limit was increased by 1000 times
@ Accuracy was increased by 100 times

@ Multidimensional characterization

11



SICHUAN UNIVERSITY

m)Y) > ] £ %

I ; .
1 : " £ .
l | 3 = g
' 3 i | | = 30 £ s
1 = — I c T < 404
| g 2w Rup.ture : | : " g
I g 2 ° poin ! i s 207 s "’
- s ' I ° ® g
L2 L : I 2 5 204 2
" 1 ! 3 ©
! . . r ] s : 5 o 0-
1 M 50 100 0 50 100 | Q Y Y S
: Displacement (um) Displacement (pm) : : & & Q?\“ QS}“
I ! o R + >
: : i- Q’\,DO Q;"Q %\,é‘ @‘)Q

O High precision O Multiple dimensions

= -

+ Rupture displacement <«  Rupture force

+ Rupture stress + Young's modulus




»» Characterization of the fracture behavior with micromanipulation
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»» Precise characterisation of mechanical strength of individual microneedles
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Rupture stress is more
suitable to characterize the
mechanical strength of MN

Du, et al. Journal of Mechanical Behavior of Biomedical Materials, 2021



pp Precise characterisation of mechanical strength of individual microneedles

200 pm

Glass plate test

MN test
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@ Polymer MN have relatively higher viscoelasticity

Zhang , Du, et al. Materials, 2023
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Polymer MN deliver melittin for the
treatment of rheumatoid arthritis (RA)
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»» Bee acupuncture therapy in the treatment of RA (mD w | £ %
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« Melittin: H-Gly-lle-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-
Gly-Leu-Pro-Ala-Leu-lle-Ser-Trp-lle-Lys-Arg-Lys-Arg-GIn-
GIn-NH2

_______________________________________________ ) 17
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»» Preparation and characterization of polymer MI(f)) = 1l % ¥
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»» MN release and mechanical strength characterization

100 ——I—}

-~ Mel-HA-MN
- Mel-MeHA-MN

Release percentage (%)

T ¥ =¥ T | T .
0 50 100 200 300 400 Before compression Rupture of microneedle ~ After compression
t(min)

Force(mN)
3

-
=)

20

Stress (MPa)

10

o un

0 20 40 60 0 20 40 60
Displacement(um) Displacement (pm)

e %
= i o9
c & ®o
QE, G . o= A“ v =% _.*._ g
um 0 ° A
§ 30 : L] ‘AA‘AAA " @ :‘.. : A AAA
=2 % A y &5 40 [ Pl |
Suf 3 A . LT 1% g
o ﬁ HTT ﬁ' 2 20 - Vo 'viv
@10 Weer T wMa vw s s v
E - €
(=Y 0
S T T T
& S S S & S & & 8

Du , et al. Journal of Controlled Release, 2021 T T 20



w | k¥

SICHUAN UNIVERSITY

»» Therapeutic effect of ATA model in rats
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»»> Decreased inflammatory factors and increased proportions of Treg
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»» War and peace of immune

Iy ey

Allergies and autoimmunity

Audoimmune  disorders n o nutshell.




»» Tolerance induction is the ultimate goal for RA treatment

Autoimmunity Tolerance
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Nature Nanotechnology. 2021, 16 (1) : 37-46
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»» Induction of immune tolerance by MN for RA treatment
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»» Preparation and characterization of MN

e Cll ¢ RAPA J
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1) Prepare CII-RAPA  (2)Fill under pressurized air (3) Add back-plate base (4) Demold
suspension

Microneedle mold
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> CITI peptide and Rapa co-loaded MN induced tolDCs

MN treatment
A2 every other day

[= 7 - ‘l’ l
DO o D20 D21 D30 D33

1
T Analysis
CIA establishment

.
T T e 0se e S e
I 607 I ~ 1 - ] !
1 —~ $ . 2 1
I s '% . 06 ' f’: 3 :
: + 40 = =] s n
| 2 a 2 ] |
1 8 o 947 B 8 2 : 1
| @ 204 o - ; * S— :
. [ : 8 [ !
1 (6] [m] 1
: 0 ﬁ T T ﬁ 0.0 T % T T :
1 P & O Lo - R N S RN e P P 1
! ] c.°°\ ’c,\\‘”@m,\,‘\\g? 3_& & oo“é c’\\m@i@' P «3_4» & 00,56 ;_,\\'”@1‘\&’ «3_@ :

A A a e

: é\é BNy i Q‘é \\"Irg: \\.\P?’ :
1 o QQ o !
| & W ~ 1
1 . . . . !
! @ In vitro TolDC @ TolDC in skin @ TolDCinLN !
1 1



»» Therapeutic effect of MN in CIA mouse model

MN treatment
every other day
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»» MN reversed restored the immune balance
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»» Conclusion

O The micromanipulation can accurately characterize the fracture behavior and

mechanical strength of a single MN.

(O Polypeptide drugs delivered by polymer MN with sustained release properties
can effectively treat RA.

O The transdermal delivery of auto-antigen peptides and rapamycin can
efficiently induce tolerogenic dendritic cells in the administration site, and
further activated systemic Treg cell differentiation and restored the immune

disorders in RA.
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