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DISSOLVING MICRONEEDLES TO ATTENUATE INFLAMMATION

Tomés Bauleth-Ramos***, Mohammad-Ali Shahbazi*?, Christos Tapeinos*, Raquel Bartolo?, Maria Lobita?, Jodo Pedro Martins?, Ermei Makila®

INTRODUCTION

Inflammation is a crucial healing process for many diseases, including cardiovascular diseases such as myocardial infarction (MI). However, excessive inflammatory re
detrimental effect, exacerbating the consequences and leading to a poor clinical outcome * Therefore, there is the need to find ways to easily attenuate inflammation |
Microneedles (MNs) are remarkable drug delivery systems for immunomodulation due to their ability to deliver transdermally a broad array of molecules in a painless and
Moreover, nanoparticles (NPs) due to their multiple advantages, such as targeting capacity, controlled delivery, and immunomodulatory properties, are also promisy
immunotherapy.+5 Considering this, we hypothesized that by delivering D-Mannose modified NPs loaded with interleukin-4 (IL-4) through dissolving MNSs, we are able to mod¥
from M (pro-inflammatory) to a Mz (anti-inflammatory) state, attenuating inflammation

alth technology
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transdermal deliver NPs and cytokines

. To prepare fast dissolving MNs with intrinsic immunomodulatory properties and ability to

] Physicochemical characterization of the developed NPs and MNs independently and combined

In vitro evaluation of the cytocompatibility of the developed system, cellular uptake and

. macroph
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1. Introduction and Objectives

Myocardial infarction (MI) is a life-threatening condition characterized by irreversible cell death [1]. During the past decades, several therapeutic strategies have held the promise of
restoring the full functionality of a damaged heart. However, MI approved therapies, to date, only ameliorate the state of care of these patients [2]. Therefore, new therapeutic
approaches need to be explored

Herein, we have developed a nanoparticle (NP) composite injectable hydrogel for M treatment. This system consists of a tragacanth-based injectable hydrogel (Scheme 1), containing
cytokines and spermine-acetalated dextran-based (AcDXSp) [3] functional NPs loaded with miRNA. We hypothesized that this system can modulate the immunoenvironment present
in the heart after MI and induce cardiac fibroblasts di , while inducing a cardi tive effect.

1. Macrophages
reprogramming (Mo-M2)

2. Fibroblasts differentiation
to myofibroblasts

Pericardial cavity
injection

3. Cardiomyocytes: | CaMKIl
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2. Methods and Results

= NPs fabrication by double emulsion technique A - . < Injoctabilty tests - 2.5 mL syringe.

« NPs PEGylation and further conjugation with ANP through EDC/NHS reaction il i . e
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*  We successfully produced and modified NPs with PEG and ANP. Sexialet 8 :EG‘““G’ h red by Aimar Blue.
and Gel (2

+ The produced NPs were loaded into the injectable Gel for NPs’ control release
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The combined system showed biocompatibility in the tested conditions.

In the future, studies for i ion and cell i in vitro and in vivo
will be conducted
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CHALLENGES IN CANCER AND CVDS TREATMENTS
LIMITATIONS OF CURRENT TREATMENT |  restoreportusion
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1. Cannot treat most of metastatic cancer, \«

pancreas, as well as some brain tumors; B
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2. Associated with potential risks. rj}<

= - Pharmacological therapy 7
Radiotherapy: v
- - - = = ACE inhibitors el i
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2. Mortality rates increase continuously New treatment solutions are urgently needed!
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Photothermal-responsive nanosized hybrid -4

polymersome as versatile therapeutics
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LIGHT-CONTROLLED NANOSYSTEM WITH
SIZE FLEXIBILITY IMPROVES TARGETED
RETENTION FOR TUMOR SUPPRESSION

Cell Reports @ CelPress
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PROMOTING CARDIAC REPAIR VIA NANOPARTICLES WITH EXCLUSIVE TARGETING
CAPABILITY TOWARD MYOCARDIAL REPERFUSION INJURY USING __ MICROFLUIDICS
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CY-09@CG showed better efficiency

in ameliorating long-term prognosis Enhanced cardiac function
after I/R cardiac injury
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Synthesis and characterization of B-glucan
based membrane-active polymer (EEPG)
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Functional evaluation of RNAiI nanoformulation
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OB-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.

OB-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.

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

OEEPG 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

TUMOR EXOSOME-BASED NANOPARTICLES FOR
TARGETED CANCER CHEMOTHERAPY

CANCER IMMUNOTHERAPY

Nature Commun. 2019, 10, 5747

ARTICLE

Artificially cloaked viral nanovaccine for cancer
immunotherapy

OPEN

2.8 Sjri Tahtinen!, Cristian Capasso!, Sara Feola® ', Beatriz Martins’,

1 Leena Yldsmakil, Erkko Yldsmakil, Firas Hamdan@ 1, Otto K. Karil,
2:6%
. &

Manlio Fusciello!8, Flavia Fontana
Jacopo Chiaro!, Karita Peltonen
Joseph Ndikat 3, Harri Alenius3'4, Arto Urtti>, Jouni T. Hirvonenz, Hélder A. Santos

Vincenzo Cerullo@® 67*
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COMMUNICATIONS -
Nature Commun. 2019, 10(1), 3838

Article | Open Access I Published: 23 August 2019

Tumor exosome-based nanoparticles are
efficient drug carriers for chemotherapy

Tuying Yong, Xiaoqgiong Zhang, Nana Bie, Hongbo Zhang, Xuting Zhang, Fuying Li, Abdul Hakeem,
Jun Hu, Lu Gan®=, Hélder A. Santos B= & Xiangliang Yang B2

Nature Communications 10, Article number: 3838 (2019) Download Citationxt
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Nanovaccine in vitro and in vivo anticancer efficacy
studies
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ENGINEERED NEUTROPHIL-DERIVED EXOSOME-LIKE VESICLES
FOR TARGETED CANCER THERAPY

SClence 14 JANUARY 2022 Human PBN isolation
| Exosome-free FBS
v
Collecting culture
supernatant of PBNs

Remove dead cells
v

Pellet E

| Remove cell debris
v

>
= =
= =
= = 20 ¥
Pellet = = <
=, S
k"l Itracentrifugation = _E - N 7 '
& ~ a- g 3 &= 0.2 :4 oS 1 - H 5
Neutrophil-derived exosomes ° so 100 200 400 S 2 o 2 a = 8
Diameter (nm) osition Time (hours)
' N-Ex
H . HGC27 4 hours 8 hours 12 hours

coo | P—
coe3 | _
cos1 | |

Alixl — ]

(?alnexin[ — ]

e e

AUWJ'HCEd DE’IVEI‘I[ LYol (-1 I8 July 11 - 15, 2022 | Montreal Congress Center, Momr%miﬁg’ :,




W.J.KOLFF INSTITUTE /’/ UMmecCGe

4 FOR BIOMEDICAL ENGINEERING AND MATERIALS STIENCE '4’«7
groningen

Health technology

G 9
- L = 2
for more healthy years .

university of | L g l MNBE< 1 v /’}@

%

%
%
/

ve are HTRIC

9/12/2021 | 24

Y el % AVAVEER

SPION-Ex/MF

T T R RO LT R L L R L TR
3 - = 6 7 a8 o

om 2

A PBS _SPION-Ex SPION-Ex/MF B 12 hours 24 hours C
g PBS . =
. PB )y .
: spion.s m .-
SPION D z
c SPION-Ex/MF e - € -
g | ; 48 hours o8 Lo 5-FU P :
9 2 PBS c@@caa N-Ex o
£ 3 SPION-Ex
R
-~ :
z
— -
2“
£

-modified, N-Ex-like NVs deliver DOX to inhibit tumor growth

F G ~ PBS H | —ess J
DOX-CL & DOX-CL
15009 * NNV C — NNV *hk o i
~ ]+ SPION-NNV-DOX < — i | ~ DOX-CL
¢ s -NNV-DOX = SPION-NNV-DOX ] o e
é .5 3 = 100+ = <+ SPION-NNV-DOX
DOX-CL| ~ © ) § @ 10001 z X e SPION-NNV-DOX/MF
V9o : 5 i B ]
NNV| ¢ : = g |
= g 500+ 51. : ” %‘ Rl O ..': T '}*
SPION-NNV-DOX ) @ ¢ ¢ 0 ‘g' e f"o. g 401 2 164
nr i m
SPION-NNV-DOX/MF - 4 = g ” "
000000 B Pt y ) I— | 1 — T T ha N
T T e S e 1020 30 40 50 60 70 80 %0 100 & 20 40 60 80 100 120 140

Days & & Days Days




il N A | K. /o

university of A
Y b SRR L IR AR 7. uMmcG

roningen o
g g Health technology e.. =y s

for more healthy years
we are HTRI

0 ICB immunotherapy + CCM@(PSiNPs@Au) nanovaccine and photothermal( 'ﬁ@wm@@@
therapy, eliminate solid tumors and suppress their metastasis. RlAl-S

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

OExosomes from neutrophils (N-Ex) induced tumor cell

SC]ence pR——
Ad ances apoptosis.

ODecorated N-Ex achieved higher tumor-targeting therapeutic
effect.

% ON-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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