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Learning Objectives

1. Pluripotent vs Adult Stem Cells:

• Differentiate between pluripotent and adult stem cells.

• Explore their applications in regenerative medicine.

2. Clinical Trials Unveiled:

• Understand the fundamentals of clinical trials.

3. Stem Cells in Action:

• Examine real-world examples of stem cell use in clinical trials.

• Discover their applications in treating various medical 
conditions.

4. Innovative Bone Repair Technologies:

• Explore cutting-edge technologies transforming bone repair.
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Stem Cell introduction

• https://www.youtube.com/watch?v=qDKHJsxscUw

https://www.youtube.com/watch?v=qDKHJsxscUw
https://www.youtube.com/watch?v=qDKHJsxscUw


Stem cells

• What characteristics do stem cells typically 
possess?

• What are the different types of stem cells?

• What are the division modes of stem cells?
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Mechanisms of stem cell division 
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Adult Stem Cell 
Expansion in vitro

• Adult stem cells are not immortal.

• Expansion often requires:

1. Wnt/-catenin signalling sustains stem cell 
undifferentiation. 

2. Factors like FGF and EGF, signalling through 
tyrosine kinase pathways, control cell 
proliferation

www.habiblab.org



Advantages of Adult Stem Cells:

• Can be isolated from the patient (autologous) and are thus immune-compatible.

• Differentiation potential is limited to the tissue of origin.



Disadvantages of Adult Stem Cells:

• Some sources are impractical (e.g., neural stem cells from the adult brain).

• The number of adult stem cells obtained from certain sources is often insufficient 
for treatment (e.g., bone marrow autologous transplantation).

• In vitro expansion is limited.



Which of the following are pluripotent?

1. Adult stem cells from the patient 

2. Adult stem cells from a HLA-compatible donor 
(e.g. cord blood) 

3. Induced Pluripotent stem cells (iPSCs) from 
patient or bank 

4. HLA-compatible embryonic stem cells lines 
from fertilised embryos (fresh, frozen or low 
quality). 



Pluripotent stem cells

Advantages:

• Potential for indefinite expansion

• Plasticity

• Homologus recombination for gene repair. 

Distadvantages:

• Expensive

• Challenging differentiation protocols (but 
are improving)

• Immunosuppression is required for 
therapy. 

www.habiblab.org



The Rule of Stem 
Cell Therapy

All pluripotent stem cells need to 
be differentiated before they can 
be transplanted into patients. 

OTHERWISE…



Mechanisms of stem cell-
based therapies

• Regeneration and Differentiation Mechanism:

• Transplanted stem cells exhibit differentiation into 
specific cell types by homing to the damaged area.

• Paracrine Mechanism:

• Stem cells release factors such as cytokines, fostering 
a paracrine effect with neurotrophic, anti-
inflammatory, and angiogenic factors.

• Immune Regulation Mechanism:

• Transplanted stem cells modulate the immune 
system, actively regulating responses and inhibiting 
abnormalities.
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https://www.uemo.eu/european-health-union-new-rules-to-improve-clinical-trials-in-the-eu/



Clinical trials



Clinical trials







Good Manufacturing Practice (GMP)

On GMP:

• GMP ensures quality control in pharmaceuticals, food, 
diagnostics, and medical devices.

• Strictly defined and well-controlled processes to meet 
predefined specifications.

• Ensures proper testing, dosing, and adherence to regulations 
for optimal product effectiveness.

• FDA oversees GMP regulations in the US.

https://www.linkedin.com/pulse/why-good-manufacturing-practice-gmp-so-important-john-van-der-worp/



What Constitutes Current Sources of 
Stem Cells for Clinical Applications?

1. Adult stem cells isolated from patient (+/- gene 

therapy) or from a healthy donor. 

2. iPSCs derived from patients (+/- gene therpay) 

or from a healthy donor.

3. Embryponic stem cells.

4. Partially reprogrammed cells. 

5. All the above.



Delivering Stem Cells or Derived Cells to the Affected Site

Stem cells or derived cells

Affected area

https://doi.org/10.1002/adfm.201809009Source: DOI: 10.3389/fimmu.2012.00192

https://doi.org/10.1002/adfm.201809009
https://doi.org/10.3389/fimmu.2012.00192
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Pluripotent Stem Cells as a 
Source for Regenerative 

Medicine

Image courtesy of www.habiblab.org



Macular 
degeneration



https://www.youtube.com/watch?v=8gRpjwmbdJQ







doi:10.1038/nbt.4114



Generation of hESC-derived retinal pigment epithelium (RPE)

Vitronectin-
coated 
polyester 
membrane



Premilanocytes

Basal marker

Apical marker

RPE markers

Chractirisation of hESC-derived retinal pigment epithelium (RPE)

PEDF: Pigment epithelium-derived factor



Control eye

Anti human 
mitochondria IHC- 
26 weeks post 
injection

Safety of hESC derived RPE

hESCs injection 2 weeks post injection 
hESC-derived RPE

80 mice



Machines

Colour Fundus photograph
captures the images of the retina, optic nerve head, 

macula, retinal blood vessels, choroid, and the 
vitreous.

Spectral domain optical coherence tompgraphy
Provides high-resolution, optical cross-sectional, and en face 
analysis of the retina, RPE, and choroid with depth-resolved 

segmentation.



Oral prednisolone- immune suppressive.

6weeks post surgery: 
Patch in subretinal 

space

TRA-1-85 human marker

Safety of patch delivery 

Pig

Human

Sample size: 20 pigs.

Unstained RPE



Pre-clincal study on mice and pigs: Saftey and tumorogencity studies. 

Clincal trial phase I



Sub RPE and hemorrhage
(Colour Fundus photograph)

Patient I

Cells survival over 6 months and spreading



Patient I

angiogram

12 months: Spectral domain optical coherence tompgraphy



Heart Failure

• 60 million people affected.

• With current treaments one out of 
five patients will die within 12 
months.



jRCT2052190081 Clinical trial (PMID: 36051285)



jRCT2052190081 Clinical trial (PMID: 36051285)

• Cardiac Troponin T (cTnT)
• Connexin (Cx) 43 is the predominant protein 

forming gap junctions and non‐junctional 
hemichannels in ventricular myocardium.



jRCT2052190081 Clinical trial (PMID: 36051285)

Patch transplantation of the left ventrical



jRCT2052190081 Clinical trial (PMID: 36051285)

Colours were set so that red indicated a good dynamic area; the darker the colour, the lower the movement.

4D-CT



jRCT2052190081 Clinical trial (PMID: 36051285)

Colours were set so that red indicated a good dynamic area; the darker the colour, the lower the movement.

4D-CT



BioVAT-HF 
trial

Safety and Efficacy of Induced 
Pluripotent Stem Cell-derived 
Engineered Human 
Myocardium as Biological 
Ventricular Assist Tissue in 
Terminal Heart Failure



Phase I (10 patients): Started 09/02/2021 completed 04/04/2023: “For the first time, we are seeing the development of real 
heart muscle tissue in the human heart with severe heart muscle weakness and are eagerly awaiting the results of the BioVAT-
HF study," says Prof. Dr. Gerd Hasenfuß, Chairman of the Heart Centre at the University of Göttingen.

200,400, 800 million cell patches

iPSCsUmbilical cord blood



Spinal cord 
injury



Spinal Cord Injury (SCI)

• Life time imparirments: 
- Wheelchair
- Pain
- Re-hospitilisation
- Infection
- Ventilator
- Shortened life expectancy

• 67% of patients are uneplpyed 10 years post-injury.

• Lifetime healthcare costs can reach $5 million/ patient. 



Myelination 

OPCs can be damaged and lost due to inflammtory resoponse post injury



OPC1 and SCI

• OPC1:  Oligodendrocyte 
progenitor cells derived  NIH-
approved pluripotent stem cell 
line.

• OPC1 has been shown to:
-  Remyelinate axons
- Promote neurite growth
- Improve motor function



Ten-year safety of pluripotent stem cell transplantation in acute thoracic spinal cord injury

1. Objective:
•  Evaluate safety of LCTOPC1 in T3 to T11 neurologically complete SCI patients, administered 7-14 

days post-injury.

2. Methods: 
• Participants (n = 5) received a single 2 × 10^6 LCTOPC1 injection with 60 days of tacrolimus 

immunosuppression. 
• Follow-up included annual in-person examinations and MRI for 5 years. 
• Telephone questionnaires for 6 to 15 years post-injection.

3. Endpoints:
• Primary: Safety – adverse events.
• Secondary: Neurological function (sensory and lower-extremity motor scores).

4.Results: 
• No serious adverse events reported in 98% follow-up through the first 10 years.
• No neurological decline, spinal cord damage, or syrinx formation. 
• MRI showed 80% with T2 signal changes consistent with tissue matrix formation.

5.Conclusions: 
• Crucial safety data supports future embryonic stem cell–derived therapies. 
• LCTOPC1 well-tolerated for up to 10 years, prompting a cervical dose escalation trial 

(NCT02302157).

PMID: 35364569



• https://www.youtube.com/watch?v=k3EvdEGEopU



Adult Stem Cells as a Source for 
Regenerative Medicine



The interfollicular epidermis

Adopted from Fiona M Watt Science 2014 



Skin in a dish

Cell 1975: James Reinwald and Howard Green: 

Irradiated mouse fibroblasts

Human Epidermal Keratinocyte Colony (KC)

Vertical sections through KC  showing their 
stratified appearance 

Culture lifetime: 20-50 cell generation



Skin in a dish

The Lancet 1981: Nicolase E. O’Connor et al  and Howard Green: 

In the summer of 1983 this approach was demonstrated to be life-saving for the 
5-year-old Jamie Selby and his 6-year-old brother Glen, who had both sustained 
burns over >95% of their body surface 

* https://www.youtube.com/watch?v=zstKQhnt8dM



Perinatal Mesenchymal Stem 
Cells/ Skeletal Stem Cells



Perinatal Mesenchymal Stem 
Cells/ Skeletal Stem cells

Source: https://vaidyanamah.com/the-fetal-membranes/



Mesenchymal Stem 
Cells/ Skeletal Stem cells

PMID: 35933430



MSC/SSC

• MSC surface markers (95% positive) for CD73, CD90 and 
CD105.

• Less than 2% negative for CD11, CD13, CD19, CD34, CD45, and 
HLR-DR).

•  Differentiation ability into chondrocytes, osteocytes, and 
adipocytes. 

• Variability in the marker and expression across BM-MSC, AT-
MSC and UC MSC

• Differentiation potential varies between BM-MSC, AT-MSC. 
UC-MSC shows stronger differentiation capabilities to 
osteogenic than BM-MSC. 

• Immunomodulation: inhibit proliferation of peripheral blood 
mononuclear cells. 

•  Injected MSCs are attracted to injured sites in the body. 



2022: 1462 registered clinical trials using MSCs

PMID: 35933430



BM-MSCs for Deep Skin Burns (PMID: 16142297)

Case Overview:

• Female patient S., 45 years old, admitted on May 9, 2003

• Diagnosis: Thermal burn (I-II-IIIAB degree), covering 40% body surface

Treatment Progress:

• Challenges: Poor blood supply, infection (Pseudomonas aeruginosa), limited 
success with traditional methods

• Sequential therapy, including BM-MSCs transplantation and autodermoplasty 
(ADP)

Cell Transplantation Success:

• Application of allogenic BM-MSCs on June 7, 2003, led to significant improvement

• Enhanced epithelial growth, pain relief, and improved patient contact observed

• Visual indicators: Appearance of bright red vessels, indicative of improved 
vascularization

• First skin grafts applied on June 11, 2003, covering 60% of burn surface

• Second ADP on June 24, 2003, with SG from first donor sites, achieving complete 
healing by July 7, 2003

• Visual indicators: Neoangiogenesis, rapid epithelialization, favourable biochemical 
responses

Conclusion:

•Integrated approach led to successful burn wound healing

•Patient discharged on July 9, 2003, resumed work on August 1, 2003

•Demonstrates the effectiveness of combined therapies for comprehensive recovery in severe 
burn cases.



Harnessing the Potential of BM-MSCs Across 
Neurological Disorders

1. Stroke Rehabilitation with BM-MSCs:

• Promising results: Enhanced safety 
profile observed.

• Motor impairment scale scores 
exhibit notable improvement.

e.g.: PMID: 15929052, 20506226, 21493695, 31495331

2. BM-MSCs and UC-MSCs in Spinal Cord 
Injuries:

• Small non-randomized studies conducted.

• Encouraging findings:

• Improved Spinal Injury Association 
Impairment Scale Grade.

• Enhanced sensory scores.

• Positive impact on bladder function.

e.g.: PMID: 28235424, 30362373

3. BM-MSCs in Multiple Sclerosis Treatment:

• Significant progress in fine and gross motor 
function measures.

• Prolonged improvement observed up to 12 
months.

e.g.: PMID: 28235424

4. BM and UC-MSCs in Autism Spectrum Disorders:

• 90% improvement among 254 children treated with 
BM-MSCs.

• Positive outcomes on the Indian Scale for 
Assessment of Autism and Childhood Autism Rating 
Scale.

e.g.: PMID: 33489466, PMID: 32531111



NE:Norepinephrine
SDF-1: Stromal cell-derived factor/C-X-C-chemokine 12
Ang-1: angiopoietin-1
VCAM-1:  vascular cell adhesion molecule 1

Mechanisms

PMID: 35933430



https://doi.org/10.1155/2020/8889061

Mechanisms

Blood 
Brain 
Barier

https://doi.org/10.1155/2020/8889061


NE:Norepinephrine
SDF-1: Stromal cell-derived factor/C-X-C-chemokine 12

Mechanisms

PMID: 35933430



Challenges in MSC-based 
therapy

1. Post-Administration Concerns:

• Long-term allogeneic cell survival, especially in disease treatment, raises 
concerns.

• Caution needed for potential embolism events linked to MSC-induced 
inflammatory reactions.

2. Homing Success:

• Successful homing of infused cells to targeted tissues is vital for lasting patient 
benefits.

3. Dead Cells and Immunomodulation:

• Studies suggest dead MSCs retain immunomodulatory properties.

• Questions arise about the impact of dead cells in cell-based products on patient 
health.

4. MSC Source Impact:

• Review poses a challenge: "What is the downstream impact of MSC sources on 
their application?"



Conclusion

PMID: 35933430
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Significance

● Globally aging population

● Bone fractures are 61% non fatal care cost in >65 age

Half of all people suffer a broken bone in their lifetime



•

•

•

Engineering scalable 
healthy bone tissues for 
transplantation 



Mature
Bone Cells

Mineral

Stem cell markers

Osteogenic differentiation markers

Skeletal stem 
cell

M
a

tr
ix

Niche 

cell

Singal (Wnt): 
Self renew and 
Make another 
specialised cell 

Osteocytogenesis  

Can we engineer this  
bone niche in vitro?



In vivo, hydrophobic Wnt signals are mostly local and asymmetric 

(Van den Heuvel et al., Cell 1989)

Wnt stain

Drosophila embryo



Lowndes M., et al Stem Cell Reports 2016

Lowndes M., et al Nature Protocols 2017
Okuchi et al. Nature Materials 2021 

Wnt-Induced 

Osteogenic Model 

(WIOTM)



After 8 weeks…µCT 

Defect Only Control-bandage

76
Okuchi et al. Nature Materials 2021

WIOTM-bandage

10K cells

Survival of hSSCs and generation of the first 
humanized bone in SCID mice



Patent

> 107 News 

Articles

Televised 

Coverage CBS-

News

Preparation for 

Clinical trials

 



From Basic Discoveries to 
Translational Innovations

Exploring Aging



Significance

● Globally aging population

● Bone fractures are 61% non fatal care cost in >65 age

Half of all people suffer a broken bone in their lifetime

Fractures in children heal fast

Fractures in the elderly heal slowly



Calvarial bone



How do aging Osteoprogenitor compartments respond to injury?



Calvarial critical size-defect

Calvarial critical size defect



Wnt-bandage improves bone repair in Adult and Aged mice

Wnt-bandages can improve bone repair in 
Aged mice 

Control
Bandage

Wnt
Bandage

n = 10 Aged

n = 8 Adult 



Wnt-bandages increases the number of SSCs in Aged mice

Control
Bandage

Wnt
Bandage

Adult

Adult   Aged

But SSC/progenitor number alone is insufficient 

to efficiently rejuvenate bone repair in Aged 

mice

Aged



Can the SSC compartments in Aged mice be 
rejuvenated ?

?



Single RNAseq of osteoprogenitor cell compartments

Young

Adult

Aged

Mitochondrial complex II, NAD+ biosynthesis → Energy metabolism

Aging



How to improve whole body energy metabolism?

Mitochondrial complex II, NAD+ biosynthesis → Energy metabolism

Aging



Intermittent fasting

Alternating Fed/Fasting 24hr

Hu, D et al (2020) Hepatobiliary Surg Nutr

Sbierski-Kind, J. et al (2022) Microbiome

Zou, H. et al (2020) Nutrients

di Francesco, A et al (2018) Science

 



Aged

Intermit. Fasting

Aged

Control

Control 

Bandage

Wnt 

Bandage

Bone repair improved in Aged mice

n ≥ 8 animals

T-test vs Controls

****



Intermittent fasting

Alternating Fed/Fasting 24hr

Equal calories to standard diet

NAD+ biosynthesis

RNAseq

osteoprogenitors

Akkermansia muciniphila

Metagenomics



Short term supplementation of NMN or AKK

NAD+ precursor (NMN) Akkermansia muciniphila

or

Calvarial defect

8 weeks

CT

2 weeks

Treatment

2 weeks

Treatment



Aged

NMN

Aged

Intermit. Fasting

Aged

Control

Control 

Bandage

Wnt 

Bandage

Short term supplementation of NMN or AKK rejuvenate aged bone repair

Aged

Akkermansia

T-test vs Controls

****



Conclusions

• Wnt-bandge promotes bone repair. 

• Wnt-bandage increases the number 
of SSCs/progenitors.

• Increase of SSCs/progenitors alone 
is insufficient to promote efficient 
bone repair in aged mice.





Localized Wnts: 

- Coordinate cell-cell interactions and drive morphogenesis. 

- Mediate asymmetric stem cell division.

- Direct organized formation of organoids (in vitro) and tissues (in vivo).

- Promote tissue repair. 

- In combination with whole-body energy metabolism, can rejuvenate aged 

osteoprogenitors for bone repair.



Open PhD positions
https://www.habiblab.org/

Open MSc thesis positions



https://www.habiblab.org/

https://www.youtube.com/watch?v=qDKHJsxscUw
https://www.youtube.com/watch?v=8gRpjwmbdJQ
https://www.youtube.com/watch?v=k3EvdEGEopU
https://www.youtube.com/watch?v=zstKQhnt8dM

https://www.youtube.com/watch?v=qDKHJsxscUw
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