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Tissue Regeneration and Repair
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A brief definition of Regenerative Medicine
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“Regenerative medicine replaces or regenerates human cells,
tissue or organs, to restore or establish normal function”

“These approaches may include, but are not limited to, the use of
soluble molecules, gene therapy, stem cell therapy, tissue
engineering and the reprogramming of cell and tissue types”

Mason and Dunnill, Future Medicine 2008



Tissue regeneration and Mesenchymal stem cells (MSC)
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MSC homing and recruitment by injured tissue
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MSCs as drugs for regenerative therapy

Current Pharmaceuncal Design, 2013, 19, 2459.2473

Mesenchymal Stem/Stromal Cells: A New "Cells as Drugs" Paradigm.
Efficacy and Critical Aspects in Cell Therapy @ \
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| Quality Requirements for Clinical Application
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ATMP marketing authorization (2018)

About 50 authorized products
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Some of the current issues facing MSCs therapies

1. High cost of products
2. Production/distribution bottlenecks (cryopreservation/logistic)

3. Size of MSC dramatically increases in culture and the expression of
adhesion molecules is strongly up regulated. This affects the
biodistribution of MSC after e.v. administration (lung accumulation)

4. Variable efficacy (duration/persistence)
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MSC secretome and tissue regeneration
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“The multipotency of “MSCs are powerful site-regulated
MSCs is not the key DRUG STORES that may serve as
aspect for their current modulatory or curative agents for a
therapeutic use” variety of human maladies”

Caplan Tissue Eng. Part A, 2010
Crivelli et al. J Control Release, 2017



MSC secretome contains extracellular vesicles (EVs)
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MSC-secretome is a physiological therapeutic agent
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Secretome can replace MSC regenerative therapy

Ability to adapt and respond to Safer (non-living, lower immunogenicity, no vascular clotting)
the microenvironment Nanoscale (enhanced permeability and retention effect)
Physiological mediators of tissue regeneration
Effectively cross biological membrane
Scalable production process

Crivelli et al. J. Control. Release 2017



Our challenge: secretome pharmaceuticalization
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From bench to clinical use

Product compliant s=4
Missing steps for secretome . .
pharmaceuticalization: for clinical use E

Scalable, reproducible and GMP
purification protocols

. Preclinical tests
* In-depth characterization
*  Mechanism(s) of action definition

* Dosage and frequency of
administration studies
» Effective formulation strategies

PHARMACEUTICAL
REGULATORY
FRAMEWORK

GMP and large-scale

production
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Pharmaceutical regulatory framework
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Lener et al. J Extracell Vesicles 2015



Scale-up for GMP Lyosecretome production
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Pierluigi Mauri **, Mario Marazzi * and Maria Luisa Torre 2
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Lyosecretome pharmaceutical production process
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“The process is the product”

Perteghella, Bari et al. W02018078524 (A1)
Bari et al. Cells 2018



Quality controls and minimal criteria for clinical use
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Extracellular Vesicle Characterization methods

*EV phenotype, count and size
eFast technique

eUnable to detect exosomes
eCombined with imaging

Flow Cytometry

*EV count and size

Resistive Pulse Sensing *Low sample volumes (40ul)

*“Clogging” of the instrument

eTransmission electron microscopy (TEM) and CryoEM
*EV image, phenotype and count

ePhenotype limited to few surface markers

eNumber of images achieved for statistical significance

Electron Microscopy

eCellular source determined by using antibody-coated substrates

Atomic Force IMICroscopy BULLTEE: I -CULy

eNumber of images achieved for statistical significance

eSize from 30 to 1000 nm
. *EV concentration
Ana IyS|S eLow precision with heterogeneous samples

Nanoparticle Tracking

oSize from 5-10 nm to 6 um

Dynamic Light Scattering [GZeyEti

eLimitations for polydispersed samples

eBradford and BCA assays for total protein content determination
eSulfophosphovanilin (SPV) assay for total lipid determination

Western blot e|dentification of specific proteins

RT-PCR emiRNA

Colorimetric assays

Erdbriigger and Lannigan. Cytometry 2016



“Good and Bad” extracellular vesicles

Physiological role

* Immune surveillance

* Blood coagulation

e Synaptic plasticity
 Stem cell maintenance

Pathological role
* Metastasis

* Prion diseases
 HIV-infection

All roles played by the transport of molecules

EVs act as natural carriers

Andalussi et al Nat Rev Drug Discov. 2013



Diagnostic and therapeutic applications of EVs

Diagnostic tool

Active Pharmaceutical

Ingredient

Drug Delivery System

Stremersch et al. J Control Release 2016



MSC-EV Drug Delivery System: a liposomal structure
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Luan et al. Acta Pharmacologica Sinica 2017



MSC-EV Drug Delivery System: a nanocarrier

Sources of cargo Biogenesis EV size classes Size range
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MSCs-EVs and liposomes: similarities and differences
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MSCs-EVs drug loading strategies
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MSCs-EVs and the “carrier-in-carrier”
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Drug + Nanosystem

Encapsulated drug
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Tripodo et al. Colloids Surf B Biointerfaces 2015
Crivelli et al. Eur J Pharm Biopharm 2019



MSCs-EVs and the “carrier-in-carrier”
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Mesenchymal stromal cells loading curcumin-INVITE-micelles: A @w 3.
drug delivery system for neurodegenerative diseases

Giuseppe Tripodo ™', Theodora Chlapanidas® ', Sara Perteghella’, Barbara Vigani“,
Delia Mandracchia®”, Adriana Trapani”, Marta Galuzzi*‘, Marta Cecilia Tosca“,
Barbara Antonioli‘, Paolo Gaetani”, Mario Marazzi®“, Maria Luisa Torre*?

European Joumnal of Pharmacout ] Fuopiharmaceyt 2019 745

Contents lists avallable at Soemcelimat

European Journal of Pharmaceutics and Biopharmaceutics

journal homepage: www slsevier comiocsie s pb —

|

Research paper

Silk fibroin nanoparticles for celecoxib and curcumin delivery: ROS- 8 )
scavenging and anti-inflammatory activities in an in vitro model of =
osteoarthritis

Barbara Crivelli*', Elia Bari™’, Sara Perteghella™"", Laura Catenacci”, Milena Sorrenti”,
Michela Mocchi™, Silvio Faragd”, Giuseppe Tripodo®, Adriele Prina-Mello', Maria Luisa Torre™'



Conclusions

Lyosecretome GMP production The missing piece
process at affordable costs is defined 4 for clinical translation

A new API for regenerative medicine /
is available in large amount

A variety of new Drug Delivery /
Systems can be designed

GOVERNMENT

Potency/Efficacy INDUSTRY ACADEMIA

Characterization, Composition

Mechanisms of action
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