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Sickle-Cell Disease (SCD)
• A group of genetic disorders of red blood cells 
• Hemoglobin in RBCs usually carries oxygen from lungs to 

tissues and removes carbon dioxide
• In SCD, a ‘sickle’ hemoglobin (‘HbS’) molecule is expressed 

within the RBCs

Generally:
• 2 HbS genes = sickle-cell anemia
• 1 HbS gene (heterozygous) = beta thalassemia



Genetics
• The HbS molecule comes from a single gene: the HbS gene
• It occurs when glutamic acid is replaced by valine
• There’s one DNA sequence change: GAG becomes GTG on 

the HBB gene (chromosome 11p15.5)



Pathophysiology

• The sickle hemoglobin molecule polymerises when there is  
reduced oxygen tension, contorting the RBCs into sickles

• They obstruct blood flow, causing ischemias and vaso-
occlusive crises, depriving tissues of oxygen







Prevalence
• 1 out of 500 African American children
• 100k people in the US; 25 million globally
• Most prevalent in sub-Saharan Africa

• SWAP survey:
• 60% said affected emotional wellbeing
• 48% worried about death
• 94% needed ongoing treatment
• Less than 50% received non-curative treatment ‘hydroxyurea’ 

(increases fetal hemoglobin, decreases attacks; does not cure)



‘Cell transplant’

• AKA an allogeneic hematopoietic stem cell transplant
• AKA a bone marrow transplant
• BMT is the only known curative treatment for SCD

• Hematopoietic cells are blood stem cells: immature cells 
that can differentiate into any blood cells (white, red, etc)

• Blood cells: AKA erythrocytes



AHSCT protocol: ‘Kill bad cells, add good cells’
1. Administer myeloablative (BM-cell killing) conditioning 

with drugs (eg, busulfan) 
Ø Irrecoverably destroys hematopoietic cells in BM (cytopenia);
Ø Suppresses patient’s immune system, allowing allogeneic engraftment

2. Engraft donor cells from matched donor (HLA- or human 
leukocyte antigen-matched) 
Ø ‘Rescues’ bone marrow function; replaces sickle cells with donor cells



Risks?
• Adults face high risks (eg, chronic organ damage, lower 

conditioning tolerance, infertility)
• Thus, mostly administered to children
• 80% can’t find an HLA-matched donor 
• Poorly matched donors = graft-versus-host disease (GVHD)



Bioethics?
• Invasive and intense, esp. for ‘less-severe’ cases
• See ‘decision calculus’ (Nickel 2018): concerns include 

patient’s  financial, psychosocial, adherence risks
• Consent issues:
• pediatric patients 
• outcomes are unpredictable 

• But Meier (2015) found patients consenting to risk of 
GVHD has increased markedly since 1991



Somatic Cell Genome Treatment (SCGT)
• A new alternative to AHSCT; it is ex vivo genome editing
• Clinical trials are underway  

• Another alternative is gene therapy, with many ex vivo gene therapy trials 
underway too

• SCGT does not require donor HSCs because they are autologous
(use the patient’s own cells; thus, no GVHD risk)

• Most SCGTs use CRISPR-Cas9, an endonuclease that damages DNA 
nucleotides and then, under ‘template’ guidance, repairs these DSBs



CTX001
• One of the first ever SCGTs to go to trial

• CTX001 targets the BCL11A gene: a potent ‘silencer’ 
(transcriptional repressor) of fetal hemoglobin (HbF)

• CTX001 stops BCL11A repressing HbF, inducing 
endogenous production of HbF in adults

• This reduces the severity of SCD



Protocols for CTX001
1. Use apheresis to collect heterogenous cells from P’s peripheral blood 
2. Extract cells from mix and culture ‘enriched’ stem cells (CD34+ cells)
3. Edit cells with electroporator: it delivers electrical pulse to CD34+s in 

a protective medium containing CRISPR-Cas9-guide RNA complex
Ø Editing occurs while cells ‘recover’

4. Administer myeloablative conditioning (same as AHSCT)
5. Cryopreserve, quality test, and infuse edited cells in patient

• The edited cells themselves are the therapy (CTX001)
• They reduce erythroid-specific expression of BCL11A, permitting HbF



AHSCT process versus CTX001 SCGT process

• SCGT



SCGT in vivo?
• There are no in vivo applications yet



Notes on the bioethics of SCGT (CTX001)
• ‘… no more problematic than transgenic [or gene] therapies’ (Eissenberg 2021)
• But: remember Jesse Gelsinger (17-year-old who died in 1999 clinical trial for 

gene therapy)
• Risk that hospitals and private clinics could benefit from a regulatory 

exception, enabling them to offer treatment while still TGA-unapproved: this 
should be avoided

• Cost of therapy should be substantially lower than disease cost (between USD 
15-30,000)

• Less-severe cases should require additional justification
• Scaling up will be limited because treatment relies on patients’ own cells
• Access should not be discriminatory, especially where disorder is prevalent in 

low and middle-income countries
• SCD provides some resistance to malaria, so the effect of treating SCD with 

CTX001 in terms of malaria risk must be assessed



Background
• ARC Linkage Project

Regulating Autologous Stem Cell Therapies in Australia
(2016-2019; research fellow)

• MRFF (Genomics Health Futures Mission) 
Genome Editing: Formulating an Australian Community Response 
(2020 and ongoing; research fellow)

• MRFF (Stem Cell Therapies Mission)

Improving decisions about access to stem cell interventions
(2020 and ongoing; chief investigator) 



Book chapter in Springer Handbook of Bioethical Decisions, Volume I: 
Decisions at the Bench (forthcoming)


