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BIO-PSYCHO-SOCIAL MODEL
[Engels, 1977; Schwartz, 1982; Blascovich et al., 2004]
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Seminars in Immunopathology 2020 42(5):559-572

Longevity
Aging
Chronic deseases
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the voting code 3249 7119

Online Question
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REGENERATIVE 
MEDICINE 

(RM)

“Regenerative medicine is an emerging

interdisciplinary field of research and

clinical application focused on the

repair, replacement or regeneration of

cells, tissues or organs to restore (using

the natural ability of human body to

heal itself) impaired function resulting

from any cause, including congenital

defects, diseases, trauma and aging.”

W. Haseltine 1999
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Greenwood H. et al. Int. J. Biotechnol. 8, 60–77 (2006)



REGENERATIVE MEDICINE PARADIGM R3

Clin Transl Sci. 2008 Sep 10; 1(2): 168–171 
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2015

The rise of tissue engineering (TE) and regenerative medicine (RM) (=TERM).

(Results obtained via Scopus® search using key words “tissue engineering”

OR “regenerative medicine”). Color images available online at

www.liebertpub.com/teb.

Tratto da Fisher M.B. and Mauck R.L. 2013, Tissue Eng. 19.

20162018

2019 20202021
2022
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M Kragl et al. Nature 460, 60-65 (2009) doi:10.1038/nature08152
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A salamander can regenerate an
amputated limb after several days…

…a human severed fingertip can
regenerate until 11 years of age!

Journal of Pediatric Surgery 9, 1974, 853-858

The regeneration
of starfish arm

Wound Repair Regen . 2015 Jul-Aug;23(4):623-34.



EC2U Summer School «Transgenerational Aging & Gendered Life-Cycle Approach»

Pavia, September 23rd 2022 «Regenerative Medicine: where do we stand?» Dr Federica Riva



EC2U Summer School «Transgenerational Aging & Gendered Life-Cycle Approach»

Pavia, September 23rd 2022 «Regenerative Medicine: where do we stand?» Dr Federica Riva

Timeline of the recent history of RM

Clin Transl Sci (2020) 13, 440–450

Joseph Murray and his team (1954)

Apligraf Skin Equivalent

Human embryo at
blastocyst stage
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Timeline of the recent history of RM

Clin Transl Sci (2020) 13, 440–450

Joseph Murray and his team (1954)

Apligraf Skin Equivalent

Human embryo at
blastocyst stage

J Microsc Ultrastruct. 2015 Jul-Sep; 3(3): 101–107



TISSUE 
ENGINEERING

Alternative to organ transplants to regenerate tissues
or organs biologically

STRATEGIES:

➢ Tissue regeneration in situ

➢ Cell implant

➢ Tissue/organ 3D construct in vitro

➢ Grow factors delivery by scaffolds 

CELL THERAPY

GENE THERAPY

BIOMEDICAL/PHARMACOLOGICAL 
ENGINEERING APPROACHES
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Osteoarthits (cruciated ligaments)
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Summarizing…
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Tissue engineering is “an interdisciplinary field that applies the

principles of engineering and life sciences toward the

development of biological substitutes that restore, maintain or

improve tissue function or a whole organ”.

TISSUE ENGINEERING (TE)

R. Langer and J Vacanti SCIENCE 1993, 260, Issue 5110  pp. 920-92
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Create biological organs/tissues (known as neo-organs) in «a

short time», similar to the original natural organs, to be

used to overcome rejection and availability problems

associated with transplants and with the use of artificial

prostheses, used for the recovery of physiological functions

of damaged organs and tissues.

TISSUE ENGINEERING (TE)
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The general principle of Tissue Engineering (TE) involves a

combination of living and viable cells with a synthetic/natural and

also biodegradable support (SCAFFOLD) to make a 3D living construct

that is FUNCTIONALLY, STRUCTURALLY AND MECHANICALLY equal or

better than the tissue it needs to replace.

TISSUE ENGINEERING (TE)
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SCAFFOLD

MICROENVIRONMENT

CELLS

iPSc
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• Choice of cell type or types

• Choice of the scaffold and its structure

• Cell seeding into the matrix (scaffold)

• Culture in dynamic conditions: tissue “conditioning”

• Cell replication and differentiation (if needed)

• Secretion by the cell of the extracellular matrix (ECM)

• Remodeling and transformation of ECM materials

• Implantation of the construct in the patient

• Adaptation and assimilation of the system

MAIN STEPS OF TISSUE ENGINEERING



EC2U Summer School «Transgenerational Aging & Gendered Life-Cycle Approach»

Pavia, September 23rd 2022 «Regenerative Medicine: where do we stand?» Dr Federica Riva

Sampogna, G., Guraya, S. Y., & Forgione, A. (2015). Journal of Microscopy and 
Ultrastructure, 3(3), 101-107.

CELLS
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SYNTHETIC SCAFFOLDS

Leong D.T and Ng K.W. (2014) Adv Drug Del Rev 79: 95-106. NATURAL SCAFFOLDS

SCAFFOLD

J.E.Arenas- Herrera, Biomed. Mater. 8 (2013)
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BIOMATERIALS for SCAFFOLD
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MICROENVIRONMENT& DEVELOPMENTAL BIOLOGY

CHEMICAL AND PHYSICAL SIGNALS

Growth factors
Small molecules

Mechanical forcesBIOREACTORS
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Remember to choose in relation 

to the research aim because

choosing the wrong model may

influence the results
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Scaffold

Bioartificial construct

Cell colture

Cells
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CLINICAL APPLICATIONS

EXPERIMENTAL MODEL
- Biological studies
- Drug tests

[R3 strategy for animal wellness]

Caddeo S.. et al, Frontiers In Bioeng Biotech, 2017, Vol. 5, Art. 40
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Modified by J.Zhang et al., Biomaterials 157 (2018), 161-176.

TE of liver
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TE of cartilage: ear-shaped cartilage structure

University of Boston, USA, 2013
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Keirouz A, Chung M, Kwon J, Fortunato G, Radacsi N. 2D
and 3D electrospinning technologies for the fabrication
of nanofibrous scaffolds for skin tissue engineering. Rev
Nanomed Nanobiotechnol. 2020 Mar 12

Tissue engineered skin substitutes

TE of skin



EC2U Summer School «Transgenerational Aging & Gendered Life-Cycle Approach»

Pavia, September 23rd 2022 «Regenerative Medicine: where do we stand?» Dr Federica Riva

TE of bladder

Atala Tissue Eng Reg Med 2007.



EC2U Summer School «Transgenerational Aging & Gendered Life-Cycle Approach»

Pavia, September 23rd 2022 «Regenerative Medicine: where do we stand?» Dr Federica Riva

TE  TRACHEA

Macchiarini et al., The Lancet, (2008), 372:2023-2030.Construct ø 12-10 mm; l 6,5 cm
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3D BIOPRINTING
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Biomater Sci, . 2021 Jan 5;9(1):70-83

EXPERIMENTAL MODELS in vitro 
ORGANOIDS and SPHEROIDS

TRANSWELL- INSERT SYSTEM
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Major challanges
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Parkinson’s  disease
Michael J. Fox born 1961

diagnosed with young-onset
Parkinson's disease in 1991

• “pill-rolling” slow movements, particularly
when starting, short, rapid steps;
• no intellectual impairments
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LF Rose et al. The convergence of regenerative medicine and rehabilitation, 
npj Regenerative Medicine (2018) 19
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Cell Stem Cell 2016 18, 25-38DOI: (10.1016/j.stem.2015.12.005) 

Model Systems in the Life Sciences
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Regenerative Medicine Perspectives

Regen. Med. (2021) 16(3)

Take home messages…
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MAJOR CHALLENGES TO BE SOLVED IN FUTURE:

➢ Vascularization and innervation of artificial constructs;

➢ Cell culture without component derived from animal and pathogen free

➢ Avoid graft after innest

➢ Engineering organs with different cell types;

➢ Construction of validated bioreactors to avoid animal testing;

➢ Conducting appropriate pre-clinical and clinical trials following the principles
indicated above in order to make TERM approach the gold standard treatment
for every disease.
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The elixir of life may 

still be evading us

but the human 

“spare parts 

industry” is waiting 

in the wings to 

sustain man’s desire 

for eternity.
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“THE BEST WAY TO BE 
BORING IS TO LEAVE 

NOTHING OUT”

Voltaire


