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Learning objectives

Hematopoietic stem cell transplants

1. What is a hematopoietic stem cell transplantation (HSCT)?

2. How is it done?

3. What is the difference between autologous and allogeneic transplantation?

4. What is the toxicity and challenges associated to HSCT?

5. Where are hematopoietic stem cells collected from? 

6. Why combining gene therapy and HSCT?

7. Examples of other advances being explored in HSCT 



The Bible for further information…

(very clinical, though)

Open Access
2024 edition



What is a HSC transplant ?

Image credit: https://www.creative-biolabs.com/vaccine/hematopoietic-stem-cell-transplantation-platform.htm



The HSC hierarchy :



LYMPHOMAS
(cancer cells
= lymphocytes 
-> solid tumors in 
lymph nodes or thymus)

LEUKEMIAS
(= cancer cells circulate in the blood)

When hematopoietic cells become cancerous:



Who needs a HSC transplant?

Iida et al. Bone Marrow Transplantation 2019 (Asia/Australia data)

AUTOLOGOUS 
= mostly lymphomas

ALLOGENEIC
= mostly leukemias
(also immune or hemoblogin
gene defects)
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What is an autologous HSC Transplantation?

Autologous HSC transplantation is a way to administer a very high dose of chemotherapy to a blood 
cancer, as the transplanted HSCs will rescue the normal hematopoietic system killed by the chemotherapy.



What is an allogeneic HSC Transplantation?

Allogeneic HSC transplantation substitutes the patient’s blood system by a different one, either to repair it 
(genetic defects) or to allow for a constant immune-surveillance against the underlying blood cancer 

(called Graft versus Leukemia effect =GvL)
. 



Early mortality in ablative HSCT -> not the holy grail!

SURVIVAL RESULTS ARE FOR ALLOGENEIC HLA 
IDENTICAL SIBLING (= best possible match)

CR1 = Complete Remission 1
CR2 = Complete Remission 2
Adv = Advanced leukemia (no remission) 

-> Half the mortality in the very best scenario (CR1 and identical sibling donor = blue line) 
     is due to the toxicity of HSCT  -> risk of infection and of GvHD. 
    So aprox. 25% mortality due to the toxicity of HSCT!!

Source: EMBT database



1. Adult: 
Site:
- From blood : “Mobilized” progenitors (G-CSF = filgrastim)
- From bone marrow collection (rarely, for autoimmune diseases)
Donor type:
- Allogeneic vs autologous
- Related vs unrelated donor
- Identical HLA-match vs. Haploidentical (father/mother)

2. Newborn:
- Cord blood banking (almost always unrelated, allogeneic)

3. Pluripotent stem cells (not in clinical hematology yet!)
 - iPS, embryonic stem cells

Where do donor Hematopoietic Stem Cells come from? 



What is the Major Histocompatibility Complex (MHC or HLA)?
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What is the Major Histocompatibility Complex (MHC or HLA)?

• These 5 HLA-A,B,C, DQ and DR alleles (5 paternal + 5 maternal = 10) need to be 
matched between donor and recipient for the donor not produce a severe immune 
reaction against the recipient at the time of the transplant, named “Graft versus 
Host Disease” (GvHD). 

• Probability to find a 10/10 donor within the siblings : 25% (Mendelian)
• Probability to find a 9-10/10 donor in the Bone Marrow Worldwide Donor registry:

• 60-80%  for Caucasians
• 16% for Indians
• 11% for Asians



How HSCT transplantation works for the patient…

Start conditioning regime
(ablative chemotherapy)

Two-year 
intensive follow-up

Immunosupressive
drugs (allogenic only)

* Agranulocytosis =  almost no circulating white blood cells -> high risk of infection 
** Thrombocytopenia = almost no circulating platelets -> high risk of bleeding

Typical time of agranulocytosis 
and severe thrombocytopenia -> 25 days
HIGH RISK OF SEVERE INFECTION AND BLEEDING



The hard balance between GvL and GvHD

GvL = Graft versus Leukemia effect -> maintains the long-term immune-surveillance 
against the blood cancer

GvHD = Graft versus Host Disease -> immune reaction of the donor lymphocytes 
against the recipient’s body (typically against the intestine, the liver and the skin) 

GvL
GvHD

Immune suppressive
Drugs



Risk of complications after allogeneic HSCT increases with:

• Number of HLA mismatches 
(ideally at least 10 matches for the 12 HLA loci)

• Unrelated donor from International Registry (instead of 
compatible sibling) 

• Age of recipient

-> Translates into:
     - Increased time of hematopoietic reconstitution
           (agranulocytosis, lymphopenia, transfussion-dependency)
     - Increased Degree of Graft vs. Host Disease (GvDH)

Reminder: 
Complete compatibility (as between identical twins) is not desirable for the 
treatment of blood cancers because loss of the Graft vs. Leukemia effect (GvL)



HSCT transplantation requires significant infrastructure

-> Many highly-qualified players required to perform a HSCT, so only specialized centers 
can do it (with certification by “JACIE standards”)



Current advances/research in HSCT:

1. Reduced conditioning regimes for non-oncological indications of HSCT 
-> sickle cell anemia

2. Niche : intra-bone marrow injection for cord blood HSCT or co-delivery 
of mesenchymal stromal cells 

3. Combined gene therapy and HSCT for the cure of severe combined 
immunodeficiency (SCID or “bubble boy”)

4. Solid organ tolerance induction through highly purified HSCT 
(myeloma, then polycystic kidney disease)

5. Curing HIV with HSCT (CCR5-/- donor)

6. T-cell adoptive transfer to improve anti-leukemia effect,
including T cells (DLI), in vitro expanded NK cells, and CAR-T cells



Why useful to combine HSCT and gene therapy ?

Modified from Leboulch P., Nature 500; 280 (2013) 

…or nuclease-mediated gene editing 
(CRISPR/TALEN/ZFN)

Gene addition through
retroviral/lentiviral vectors

Patient with :
• genetic immune deficiency

- Severe combined immune-deficiency (SCID)
- Wiskott–Aldrich syndrome (WAS)

• hemoglobin defect :
-  Thalassemia
- Sickle cell anemia

• or inherited metabolic disorder:
- Adrenoleukodystrophy (ALD)
- Metachromatic leukodystrophy (MLD)



A “little” history of HSC transplantation…

Treatment of beta-  
Thal + Wiscott-Aldrich 
with gene therapy
corrected HSC-tx
(3rd generation vectors)

Treatment of SCID 
with gene therapy
corrected HSC-tx

Updated from FR. Appelbaum, N Engl J Med 2007; 357:1472-1475



The landmark study combining HSCT and gene therapy:



The landmark study showing the first HIV patient cured
by HSCT :

• Frequency of the CCR5 Delta32/32 mut : 3-15%

• Given the low probability of finding a compatible donor in the worldwide 
registry who on top of being 10/10 immune- compatible happens to be a 
CCR5 D32/D32 mutant, what are other possibilities to give a curative HSCTs 
to an HIV+ patient to obtain long-term control of the HIV?

•
- > add gene therapy to the patients’ own cells to substitute the native 
wildtype CCR5 receptor by a mutated one (via gene editing) 



The landmark study showing the first HIV patient cured
by autologous HSCT after receiving their own gene-edited cells :

• Infusion of autologous CD4 T cells in which the CCR5 gene was rendered 
permanently dysfunctional by a zinc-finger nuclease (ZFN).

• The median concentration of CCR5-modified CD4 T cells at 1 week was 250 cells/uL
• HIV RNA became undetectable in one of four patients who could be evaluated. 



A “little” history of HSC transplantation…

HSCT + gene therapy -> first 2017 sickle cell anemia patient transplanted!
                                           Bluebird Bio



A “little” history of HSC transplantation…

HSCT + gene therapy -> 2018 commercial product!
                                           LentiGlobin BB305 (clinicalTrials.gov for updates)



A “little” history of HSC transplantation…

HSCT + CRISPR-Cas9 gene editing -> first gene-edited HSCs transplanted 
to a patient (2019 sickle cell anemia)



A “little” history of HSC transplantation…

Treatment of beta-  
Thal + Wiscott-Aldrich 
with gene therapy
corrected HSC-tx
(3rd generation vectors)

Treatment of SCID 
with gene therapy
corrected HSC-tx

Updated from FR. Appelbaum, N Engl J Med 2007; 357:1472-1475



N. Tavakol*, F. Bonnini*, J. Tratwal*, 
J. Brefie et al. 2020 and 2021 

RECONSTRUCTING THE BM NICHE: boneless injectable niches inspired by myelolipomas



N. Tavakol*, F. Bonnini*, J. Tratwal*, 
J. Brefie et al. 2020 and 2021 

Blue: collagen-coated scaffold
Green: Preadipocytes (GFP)
Red: HSPC (DsRed)

Lipids

CytoGFP
Nuclei

RECONSTRUCTING THE BM NICHE: boneless injectable niches inspired by myelolipomas



Can we reconstruct subcutaneous hematopoietic  

niches for clinical applications?
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High vascular density and hematopoiesis in the MarrowPatch after 4 weeks in vivo (human into mouse)  

F. Bonnini et al. in preparation



Insta : @Marrow_LausanneDevenir donneur !

Don de cellules souches 

Questions ?
Olaia.Naveiras@unil.ch 

mailto:Olaia.Naveiras@unil.ch




Clinical applications of stem cells

Other key articles for reference



HSCT + gene therapy + IPS?



HSCT + gene therapy + IPS?



New clinical landmark: 
Inducing solid organ tolerance through mixed chimerism via HSCT



Patient testimonial (HSC + kidney transplant)

http://www.nationalstemcellfoundation.org/bl
og/patient_highlights/rob-waddell/

Inducing solid organ tolerance through mixed chimerism



The importance of the niche / microenvironment
Clinical trials with Mesenchymal Stromal/Stem Cells


