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Regenerative medicine
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Regenerative Medicine

Process of creating living, functional tissues to repair
or replace tissue or organ function lost due to age,
disease, damage, or congenital defects

It helps to produce extended healthy longevity.
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Some history
1908 - The term "stem cell" was proposed for scientific use bythe Russian

histologist Alexander Maksimov(1874–1928) at congress of hematologic
society in Berlin. It postulated existence of haematopoietic stem cells.

1960s - Joseph Altman and Gopal Das present scientific evidence of adult
neurogenesis, ongoingstem cell activity in the brain; like André Gernez, their
reports contradict Cajal's "no new neurons" dogma and are largely ignored.

1963 - McCulloch and Till illustrate the presence ofself-renewing cells in mouse
bone marrow.
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Some history
1968 -Bone marrow transplantbetween two siblings successfully treats SCID.
1978 - Haematopoietic stem cells are discovered in humancord blood.
1981 - Mouse embryonic stem cellsare derived from the inner cell mass by

scientists Martin Evans, Matthew Kaufman, and Gail R. Martin. Gail Martin
is attributed for coining the term "Embryonic Stem Cell".

1992 -Neural stem cellsare cultured in vitro as neurospheres.
1997 -Leukemiais shown to originate from a haematopoietic stem cell, the first

direct evidence forcancer stem cells.
1998 - James Thomson and coworkers derive the firsthuman embryonic stem

cell line at the University of Wisconsin–Madison.
2000s - Several reports of adultstem cell plasticityare published.
2005 - Researchers at UC Irvine's Reeve-Irvine Research Center are able to

partially restore the ability ofmice with paralyzed spinesto walk through the
injection ofhuman neural stem cells.
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Some history
August 2006 -Mouse Induced pluripotent stem cells: the journal Cell publishes

Kazutoshi Takahashi and Shinya Yamanaka. Nobel Prize 2012
October 2007 - Mario Capecchi, Martin Evans, and Oliver Smithies win the

2007Nobel Prizefor Physiology or Medicine for their work on embryonic
stem cells from mice using gene targeting strategies producing genetically
engineered mice (known asknockout mice) for gene research.

November 2007 -Human induced pluripotent stem cells: Two similar papers
released by their respective journals prior to formal publication: in Cell by
Kazutoshi Takahashi and Shinya Yamanaka, "Induction of pluripotent stem
cells from adult human fibroblasts by defined factors", andin Science by
Junying Yu, et al., from the research group of James Thomson,"Induced
pluripotent stem cell lines derived from human somatic cells": pluripotent
stem cells generated from mature human fibroblasts.
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Some history
February 2008 - Generation of pluripotent stem cells fromadult mouse liverand

stomach: these iPS cells seem to be more similar to embryonicstem cells
than the previously developediPScells and not tumorigenic, moreover genes
that are required for iPS cells do not need to be inserted intospecific sites,
which encourages the development ofnon-viral reprogramming techniques.

March 2008-The first published study of successfulcartilage regenerationin the
human knee using autologousadult mesenchymal stem cellsis published by
clinicians from Regenerative Sciences

October 30, 2008 -Embryonic-like stemcells from a single humanhair.
October 11, 2010First trial of embryonic stem cells in humans.
August 2013 – Recruiting of patients into thefirst clinical trial using iPS cells

first clinical trial using iPS cells for treatment of age-related macular
degeneration (RIKEN Center for Developmental Biology in Kobe, Japan)
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Adult stem cells

Hematopoietic stem cells
Mammary stem cells
Mesenchymal stem cells
Endothelial stem cells
Neural stem cells
Olfactory adult stem cells
Neural crest stem cells
Testicular cells
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Plasticity of 
stem cells

Therapy use:

gene therapy

myocard infarction

neurodegenerative diseases

plastic surgery

orthopedy
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In the IVF procedure, sperm and eggs “interact” in a dish leading to insemination.
They literally swim up to the egg and burrow toward the nucleus.
The first one to get there wins, and all others are blocked out.

Male fertility issue: Sometimes sperm cannot latch onto and penetrate the egg. 
They may choose to have Intra(within)-Cytoplasmic Sperm Injection (ICSI)

Day 
1
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Embryonic
Stem
Cells
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Embryonic stem cells in the dish:
What do cultured ES cells look like?

L. Šefc, 2015 30

Embryonic Development: Fish embryo
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iPS cells – induced pluripotent
stem cells

2006 – mouse, 2007 man

viral transfection by several transcription
factors – Oct-3/4, SOX2, c-Myc, Klf4
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Dolly (5 July 1996 – 14 February 2003)
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Cloned by Ian Wilmut, Keith 
Campbell and colleagues at the 
Roslin Institute near Edinburgh 
in Scotland

From 277 cell fusions, 29 early 
embryos developed and were 
implanted into 13 surrogate 
mothers. But only one pregnancy 
went to full term, and the 6.6kg 
Finn Dorset lamb 6LLS (alias Dolly) 
was born after 148 days.
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Current treatments
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Hematopoietic stem cell transplantation

For over 30 years, bone marrow stem cells, and more recently, 
umbilical cord blood stem cells, have been used to treat cancer 
patients with conditions such as leukemia and lymphoma. During 
chemotherapy, most growing cells are killed by the cytotoxic 
agents. These agents, however, cannot discriminate between the 
leukemia or neoplastic cells, and the hematopoietic stem cells 
within the bone marrow. It is this side effect of conventional 
chemotherapy strategies that the stem
cell transplant attempts to reverse; a 
donor's healthy bone marrow reintro-
duces functional stem cells to replace 
the cells lost in the host's body during 
treatment.
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Thalesemia

The genetic defect results in reduced rate of
synthesis of one of the globin chains that make
up hemoglobin

Hematopoietic stem cell transplantation
(HSCT) is the only curative approach
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Transplantation. 2010 Mar 15;89(5):485-91.
Tissue-engineered tracheal transplantation.
Baiguera S, Birchall MA, Macchiarini P.
Source

BIOAIR (Laboratory of Biomolecular and Bioengineering Airways), 
University of Florence, Florenz, Italy.

Abstract

Regenerative medicine offers new tools with which to tackle disorders for 
which there is currently no good therapeutic option. The trachea is an ideal 
organ in which to explore the clinical potential of tissue engineering 
because severe large airway disease is poorly managed by conventional 
treatments, and the success of a graft is determined only by its ability to 
conduct air lifelong: that is, whether it can become a sustainable biological 
conduit. We define the component parts of tissue engineering and review 
the experimental methods used to produce airway implants to date, 
including a recent successful, first-in-man experience.
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Trachea transplantation
Example of adult stem cell-based tissue regeneration
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Urethra engineering
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Potential treatments
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Heart damage

Several clinical trials targeting heart disease have shown that adult 
stem cell therapy is safe, effective, and equally efficient in treating 
old and recent infarcts. Adult stem cell therapy for treating heart 
disease was commercially available in at least five continents at the 
last count (2007).

Possible mechanisms of recovery include:
Generation of heart muscle cells
Stimulation of growth of new blood vessels to repopulate damaged 

heart tissue
Secretion of growth factors
Assistance via some other mechanism

It may be possible to have adult bone marrow cells differentiate into 
heart muscle cells.
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Experimental model system
Heart muscle cells beating in a petri dish
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Cancer

The development of gene therapy strategies for treatment of intra-
cranial tumours offers much promise, and has shown to be successful 
in the treatment of some dogs; although research in this area is still at 
an early stage. Using conventional techniques, brain cancer is difficult 
to treat because it spreads so rapidly. Researchers at the Harvard 
Medical School transplanted human neural stem cells into the brain of 
rodents that received intracranial tumours. Within days, the cells 
migrated into the cancerous area and produced cytosine deaminase, an 
enzyme that converts a non-toxic pro-drug into a chemotheraputic 
agent. As a result, the injected substance was able to reduce the tumor 
mass by 81 percent. The stem cells neither differentiated nor turned 
tumorigenic. Some researchers believe that the key to finding a cure 
for cancer is to inhibit proliferation of cancer stem cells. Accordingly, 
current cancer treatments are designed to kill cancer cells. However, 
conventional chemotherapy treatments cannot discriminate between 
cancerous cells and others. Stem cell therapies may serve as potential 
treatments for cancer



29

L. Šefc, 2015 57

Stem cells for drug delivery
More focused delivery, fewer side affects

NSCs 
injected 

(no tumor)

NSCs 
injected 
(tumor)

Day 0 Day 7 Day 14

Shah et al. Dev Neurosci 2004
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Brain damage
Stroke and traumatic brain injury lead to cell death, characterized by a loss 
of neurons and oligodendrocytes within the brain. Healthy adult brains 
contain neural stem cells which divide to maintain general stem cell 
numbers, or become progenitor cells. In healthy adult animals, progenitor 
cells migrate within the brain and function primarily to maintain neuron 
populations for olfaction (the sense of smell). Interestingly, in pregnancy 
and after injury, this system appears to be regulated by growth factors and 
can increase the rate at which new brain matter is formed. Although the 
reparative process appears to initiate following trauma to the brain, 
substantial recovery is rarely observed in adults, suggesting a lack of 
robustness.

Stem cells may also be used to treat brain degeneration, such as in 
Parkinson's and Alzheimer's disease.
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Stem cells in the adult brain
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Spinal cord injury

A team of Korean researchers reported on November 25, 2003, that they had 
transplanted multipotent adult stem cells from umbilical cord blood to a patient 
suffering from a spinal cord injury and that following the procedure, she could 
walk on her own, without difficulty. The patient had not been able to stand up 
for roughly 19 years. For the unprecedented clinical test, the scientists isolated 
adult stem cells from umbilical cord blood and then injected them into the 
damaged part of the spinal cord.

According to the October 7, 2005 issue of The Week, University of California, 
Irvine researchers transplanted multipotent human fetal-derived neural stem 
cells into paralyzed mice, resulting in locomotor improvements four months 
later. The observed recovery was associated with differentiation of 
transplanted cells into new neurons and oligodendrocytes- the latter of which 
forms the myelin sheath around axons of the central nervous system, thus 
insulating neural impulses and facilitating communication with the brain.



31

L. Šefc, 2015 61

Spinal cord injury
Example of embryonic stem cell-based therapy
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Bridging of peripheral nerve gaps
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Bridging of peripheral nerve gaps
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Missing teeth

Implanted tooth germ grown in the diastema. Transplanted mouse incisor tooth germ 
(E13) after 20 days in the maxillary diastema of an adult mouse. The tooth has 
erupted. a Horizontal view. b Lateral view

Amanda H.-H. Yen & Paul T. Sharpe. Cell Stem cells and tooth tissue engineering
Tissue Res (2008) 331:359–372
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Breast regrowth
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Breast augmentation
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Diabetes
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Veterinary useof nuclear transfer – cloning of near-extincted species
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Nanomedicine
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Drug carriers
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Nanoparticle Probe Targeted RNA Fluorophore Release

Detection of pathogens
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Power for nanorobots
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Pohon nanorobotů
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Power for nanorobots
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Nanorobot cleaning atherosclerotic deposit 

L. Šefc, 2013 90



46

L. Šefc, 2015 91

3D printers
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3D printers
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3D printers
bladder
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3D printers
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3D printers

Robocop
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Science is discovering the unknown

Stem cell field is still in its infancy

Human embryonic stem cell research is a decade old, 
adult stem cell research has 30-year head start

Holds hope for curing or improvingtreatments for 

70+ diseases


