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Regenerative Medicine

REVIEW

Stem cells and healthy aging

Margaret A. Goodell'* and Thomas A. Rando®*
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Regenerative Medicine

Outside of evolutionary
Shaped by natural selection selective pressure

. . . . I 1l
The process of repIaCIng, engineering or regeneratlng Development and growth Adult reproductive years “Protected aging”

human cells, tissues or organs to restore or establish
normal function

Possibility of engineering damaged tissues and organs
by stimulating the body’s own repair mechanism to
functionally heal previously irreparable tissues or organ

Stem cell activity

- Especially important in aging individuals, as with age Age

the ability of the body to heal significant injury without Blood

permanent damage to the tissue is lost. e = o o0 ‘.@o ;.'...
The decrease in regenerative potential is associated ® @' 8 o @O .: 0.: o@o‘ .o..
with a decreasing stem cell activity and a decrease in © e, © .S '.o ®e o S
Stem ce" diverSity ~1000 HSCs active Collapse0fd|versnty:;edominantclone
Decrease in stem cell diversity might be explained by an sn Oo »»»»» O ______________________________ e _—_
erosion of epigenetic regulation in aging stem cells. With & Z e == e = °:©§. -
age, stem cells acquire somatic mutations and a genetic — 2/ -— ;k./
drift occurs, leading to attrition of some clones - Skin st cal ave Kkod domain e s rsae dones
expansion of some dominating clones Young — Ages g
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Regenerative Medicine

« Although stem cell activity is a key element of
regenerative capacity, environmental factors can
strongly modify stem cell behaviour

—> Extrinsic factors affect aging stem cells:

Extrinsic factors affect aging stem cells

The influence of the local and systemic environment on stem cell function during protected aging
has been demonstrated by exposing young stem cells to an aged environment, and vice versa.

These studies have used strategies such as heterochronic transplantation, in which cells derived
from a donor of one age are transplanted into a recipient of a different age, or heterochronic
parabiosis, in which two mice of different ages are adjoined to create a shared circulatory system,
thus exposing cells in one animal to the systemic environment of the other (Fig. 3).

When young stem cells were subjected to an aged systemic milieu by heterochronic parabiosis,
they exhibited functional decline that resembled accelerated aging. On the other hand, the
converse was also true: Aged cells placed in a young environment or exposed to a youthful
systemic milieu exhibited more youthful characteristics, suggesting that it may be possible to
ameliorate certain aging features.

E'HZUI’ICh Florence Marti & Valentin Baumann
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Fig. 3. Intrinsic and extrinsic factors influence age-related changes in stem cell function.
Distinguishing cell-intrinsic changes from cell-extrinsic changes (e.g., arising from the cellular environment)
in cell function has been aided by heterochronic studies. In heterochronic transplantation, stem cells
isolated from either young or old donors are transplanted into young or old hosts, and cellular function
is then analyzed in these four-way comparisons (young into young, young into old, old into young, old
into old). In parabiosis, animals are joined to promote the development of a single, shared circulatory
system, thus exposing cells in one animal to the systemic environment of the other animal. In this case,
the cellular functions in young or old partners in the heterochronic pairs (young-to-old) are compared
to those in isochronic pairs (young-to-young and old-to-old).
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Tissue Engineering

Key ingredients:

Cells
Scaffolds/Biomaterials
Bioactive factors/regulatory signals

Mechanics and physical cues (by correct
scaffold and biomaterial properties

ETHzirich
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Biomaterials

Cells attach and migrate into Facilitate growth
scaffold which supports cell Ceramics, Synthetic Polymers, factor delivery
growth, proliferation and Natural Polymers
matrix deposition l

Cells Requlatory
Signals
= ~ \
@ Tissue Engineering ‘ .\ O

.}.

Autologous, Allogeneic, Cell Lines,
Growth Factors, Chemical Compounds,

Primary Cells, Progenitor Cells
i Nam——————— Mechanical Stimulus
Induce cell differentiation and
tissue formation
11.05.22
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p b Biomaterials mimicking native tissue c Biomaterials that direct wound healing
Eph-ephrin

. Syndecan .
G protein- Growth factor =_ Cadherin receptor Nanofibres Microspheres and fibres Proteoglycan PEG hydrogel ~ PEG-fibrinogen
coupled receptor receptor
m Extracellular
)
opla
Vinculin |
Paxilli
FA 'S -
Src L e i
oding d Catenin
oncoding "\, PKC = .
A ""@% . Rho I I I S S u e Woven scaffold 3D printed scaffold Peptide hydrogel Multilayered chitosan hydrogel
2 * cAM| _ g~ ) ] =
Qo " Engineering
od atlo
RNA a ptio
TS T e
500 pm
B N
D P ed eplitope ed ole e g e
e D d eq e DIOPO e

ETHzirich

Florence Marti & Valentin Baumann

Creating iPS cells T4

1 lIsolate cells from patient
(skin or fibroblasts); ¢ —_
grow in a dish ’ =

%9 Tissue
!Gu v Morphology
2 Treat cells with
“reprogramming” factors 3) Wait a fow weeks

4 Pluripotent
stem cells 5 Change culture conditions to Tissue
1 stimulate cells to differentiate into Mechanobiology

a variety of cell types

A S Cardiac
¢ =N muscle cells
Blood cells \ =V Gut cells
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Clinical Translation

Regulatory Obstacles for the
use of cell based therapies,
including any kind of
modified cell (genetically or
epigenetically modified) are
extremely high (e.g. Due to

cancer risk)

There is increasing
regulatory scrutiny for cell
based therapy

- Relative benefit vs. safety is
always in question

ETHzirich
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T0

BASIC SCIENCE
RESEARCH

Preclinical
and animal
studies

Defining
mechanisms,
targets, and lead
molecules

T1

TRANSLATIONTO
HUMANS

Proof of
concept
Phase 1
clinical
frials

New methods
of diagnosis,
freatment, and
prevention

TRANSLATIONTO
PATIENTS

Phase 2
and 3
clinical trials

Controlled studies
leading to
effective care

Translation from basic science to human studies

T3

TRANSLATIONTO
PRACTICE

Phase 4
clinical trials
and clinical

outcomes
research

Delivery of
recommended
and timely care to
the right patient

T4

TRANSLATIONTO
COMMUNITY

Population

True benefit

fo society

Translation of new data into the clinic
and health decision making
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An early autologous cell-based therapy — an example

Cytori Cell Therapy: Same Day Procedure

HARVEST 9 e DELIVER

PROCESS
2 . Celution® System 2
Small Volume Liposuction ¥ - Cytori® Cell Therapy™
Tissue Processing, Celllsolation & 4
(100-360 mL) . Delivery
Dose Preparation
<30 Min <120 Min 5-30 Min
Bedside Manufacture
proprietary consumables,
software, and reagents MmN\ Y Y viy
Y \
A

FA A b4
F S Hand Scleroderma
i g
° ‘. .
L ok

% ‘. *
Adipose Derived \

Adipose Tissue Regenerative Cells
(ADRCs)
k.
Non-Viable Cellular Debris, Waste & Knee Osteoarthritis

Enzymes

ozqcytorl
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Legal Regulation

How the FDA regulates products

IDE/510K
A v

Devices such as
Cytori Cellution,

Surgical Procedure

Bone Marrow for TPG
homologous use in
an autologous setting

Autologous Cells

Bone Marrow for
homologous use in
an non autologous
setting or sorted or
selected cells

and scaffolds

Minimally processed
ADSC for
homologous use in
an autologous setting

Processed ADSC for
homologous use in
an autologous setting

All allogeneic
manufactured
products

HLA matched
unrelated donor non
homologous use
products

All engineered or
composite products

* The device used for minimal processing may be regulated and the cell product
(depending on use) may be regulated as a device

« Autologous: donor and recipient are the

same person
« Allogenic: donor and recipient are different

people

ETHzirich
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Cell Based Therapy Must Meet 4 Basic Criteria To Be
Unregulated, Otherwise It Is Treated Like A Drug

NO

Minimally
manipulated?

* YES

NO

Is manufacturer’s
intent for
homologous use?

Isita
sterilizing,

YES

preserving, or vis,

storage agent;

HCT/P combined
with device or drug?

no new clinical

dependent upon

metabolic activity of
living cells for primary

functign?

YES

({4

NO

361 HCT/P

[ exceptions in

Determine whether

21 CFR 1271.15 apply

v

|[ Autologous use? ]

OR
[ Allogeneic use in first or ]
second degree relative?
OR

[ Reproductive use? ]

Minimal Manipulation:

* Any type of change to
cell/tissue disqualifies

* Cell culture disqualifies

* Active cell selection
through antibody tagging
is allowed, antibody must
be qualified by the FDA

YES

NO

Homologous Use:

* FDA getting more
restrictive in the
definition

* In general: “Cells must be
used in a similar manner
as Its native state”

* Any undifferentiated
stem cell is NOT
homologous

“Basically, only cell/tissue replacement with the same type of native cells with very minimal
processing is the only therapy that falls under the 361 requirements”

- Former FDA Director of Cell Therapy / Regenerative Medicine

Tissue Engineering far from clinics: any component or
combination of cells, bioactive compound, or biomaterials
have to be approved and regulated just like a drug

11.05.22 12



Legal Regulation

* Due to these many complex regulatory
obstacles:

There is a lot of potential benefit to be
gained exploiting only geometry

(mechanics) of biomaterials established to
be safe.

- Because this approach brings minimal

regulatory burden, it is cost effective and low
risk

E'HZUI’ICh Florence Marti & Valentin Baumann
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fibrous, porous...
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Therapeutic biomaterial (device) for scarless healing — an example

» Design of therapeutic biomaterials to help
control and guide cell behaviour during
regenerative processes such as wound healing

« Cell recruitment can cause improved healing
outcomes

» Steering recruited/injected and resident cells
in order to better control cell behaviour and

consequently healing outcomes

» Guiding cell movement and behaviour can be
achieved by creating biomaterials, which
actively steer durotaxis (physical gradients) and
chemotaxis (chemical gradients)

ETHzirich
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Legal Regulation — Devices vs. Drugs & Biologics

Center for Devices and
Radiological Health (CDRH)

Products with a primarily
structural, physical, repair,
or reconstruction purpose

Center for Drug Evaluation
and Research (CDER)

Achieve their primary intended
purposes through chemical action
and are not dependent on being
metabolized for their primary
intended purposes

Biologic
Center for Biologic Evaluation
and Research (CBER)

Achieve their primary intended purposes
by means of a virus, therapeutic serum,
toxin, antitoxin, vaccine, blood, blood
component or derivative, allergen

product or analogous product

Office of Combination Products (OCP)

Products that contain two or
more regulated components

FDA approval: Drugs and biologics

Time (years) 4-6 1-2

Cost (millions) $5-75 $50-150 $100-200
Tested in a small
number of (usually)
healthy patients
(<100), focused on
safety of the intended
dosing. Approximately

25% failure rate.

In vitro and in vivo animal
teststodetermine
efficacy, safety, and
formulations.One

in 1000 to 2000
identified candidates
go on to FDA trials.

Tested in a slightly
larger number of
patients (100 - 300),
focused on optimizing
dosage range.
Approximately 25%
failure rate.

ETH:zurich
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Phasellll
2-3

$150- 250

Time (years)
Tested in a large

number of patients
(1000 - 3000), focused
on effectiveness and
side effects.
Approximately 35%
failure rate.

Office of Cellular, Tissue and Gene Therapies (OCTGT)

Cells (stem, differentiated, and xenogenic), tissues, gene vectors,
therapeutic vaccines, and tissue-engineered products

Cost (millions)

N FDA approval: Devices |

Premarket approval (PMA) FDA - 510(k)

Preclinical Clinical trials Preclinical

3-4 2-4 3-6

$5-50 $40-100 $1-50
Concept development; in vitro
and in vivo testing to determine
efficacy, safety, and proof of

concept.

Device safety and
effectiveness, conditions
for using the device and
its reliability.

Show substantial equivalence
to previous 510(k) device.
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Clinical Applications
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(potentially viable) clinical applications in regernative medicine
(,viable® means potential benefits may outweigh the inherent safety risks)

Cell Therapy: Tissue Therapy:
Biomineralization (bone) Small diameter blood vessels
Blood substitutes Cardiac tissue & Valves
Articular Cartilage Cornea
Myoblast Transplantation in Skeletal Alimentary tract
Muscle Extra- / Intra-corporeal renal tissue

Reproductive system

Cartilage, ligaments and tendons
Nervous system (central and peripheral)
Skin

Respiratory tract

Clinical Islet transplantation

E'HZUFICh Florence Marti & Valentin Baumann 11.05.22 17



Unmet clinical

Skin grafts
(e.g. large area burns)

Soft tissue repair: soft-hard tissue
transitions

ETHzirich

needs in regenerative medicine

Cellular immunity ' Small molecules
B cell Glucose
T cell Oxygen
Macrophage Nutrient
, — — \
y ~
/ \ 4 \
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Humoral immunity .

.
Small molecules

Articular
cartilage

Lateral
collateral
ligament

Anterior
cruciate
ligament

3D-printed scaffold

Foamed scaffold

Fibula

Bone Ingrowth &

Fortification (Osteoporosis)

Femur |

/\ Lateral /

Antibody
Complement

Insulin
Waste products

Diabetes
(encapsulated islet cells)

|

<\ >
N 4

Kidney Disease
Cell therapy (short/middle term)
Replacement organs (very long term)
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Heart Disease

Cell therapy (short/middle term)
Replacement organs (very long term)

Medial
collateral )
: ligament \il'a
- W — Posterior \
cruciate
y ligament l l P % 1
Medial <
meniscus c 4
\meniscus / )
f Autologous
) hondr
Tibia & chondrocyte 'y

Focal Cartilage Défects, M'e‘h‘iscal Teéfs

Hereditary liver
disease patient

/o Patient and
Ti lantati " J \ disease
ransplantation y Pt
> | drugs
Disease-free *
autologous
hepatocytes Patient
Somatic Disease modeling
cells

drug screening

4 4

Differentiation Reprogramming
Gene K
correction Differentiation 3 3
9 ? 3
<‘ " 2 E
2
Disease-free Patient specific Patient specific
autologous iPS cells iPS cells hepatocytes

Liver Disease
Cell therapy (short/middle term)
Replacement organs (middle/ long term)
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Tissue Engineering: Clinical application is currently limited due to
complexity and cost BUT there is quite useful pre-clinical potential

Currently, tissue engineering plays a relatively small role in patient treatment.
Supplemental bladders, small arteries, skin grafts, cartilage, and even a full
trachea have been implanted in patients, but the procedures are still
experimental and very costly.

While more complex organ tissues like heart, lung, and liver tissue have been
successfully recreated in the lab, they are a long way from being fully
reproducible and ready to implant into a patient.

Using functioning human tissue to screen medication candidates can speed up
development and provide key tools for facilitating personalized medicine (as cells and
tissue from individual patients can be used), while saving money and reducing the
number of animals used for research

E'HZUI’IC/’) Florence Marti & Valentin Baumann 11.05.22

19



Paper

E’HZUFICh Florence Marti & Valentin Baumann 11.05.22 20



insight review articles

Atherosclerosis

Aldons J. Lusis

Department of Medicine, Department of Microbiology, Immunology and Molecular Genetics, Department of Human Genetics, and Molecular
Biology Institute, University of California, Los Angeles, California 90095, USA (e-mail: jlusis@mednet.ucla.edu)

Atherosclerosis, a disease of the large arteries, is the primary cause of heart disease and stroke. In
westernized societies, it is the underlying cause of about 50% of all deaths. Epidemiological studies have
revealed several important environmental and genetic risk factors associated with atherosclerosis. Progress
in defining the cellular and molecular interactions involved, however, has been hindered by the disease’s
aetiological complexity. Over the past decade, the availability of new investigative tools, including genetically
modified mouse models of disease, has resulted in a clearer understanding of the molecular mechanisms that
connect altered cholesterol metabolism and other risk factors to the development of atherosclerotic plaque. It
is now clear that atherosclerosis is not simply an inevitable degenerative consequence of ageing, but rather a

chronic inflammatory condition that can be converted into an acute clinical event by plaque rupture and
thrombosis.
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