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Epitope Editing of Hematopoietic Stem Cells Enables 
Immune-Based Co-Selection of Genome-Engineered Cells

Gabriele Casirati1, Adele Mucci1, Marta Freschi1, Andrea Cosentino1,2, Enrico Drago1, Francesco Romano1, Mohammed S. Mahmoud1,3, 

Jan-Phillipp Gerhards1,4, Jing Zeng1, Nola Neri1, Christian Brendel1,5, Daniel E. Bauer1,5, Pietro Genovese1,5

Hematopoietic stem/progenitor cell (HSPC) transplantation 
(HSCT) offers curative options for conditions for which the 
substitution of host hematopoiesis with gene-corrected stem 
cells can halt the pathogenic process. Yet, short and long-term 
effects of genotoxic conditioning remain a barrier to a wider 
application of HSCT and gene therapies. Whereas monoclonal 
antibodies (mAbs) targeting HSPCs-expressed markers, such as 
c-KIT, have been proposed as an alternative to chemo- and 
radiotherapy, their pharmacokinetics (PK) hamper safe and 
effective clinical use due to risk of on-target depletion of 
transplanted HSPCs, leading to increased risk of graft failure 
or incomplete myeloablation.

Background
We previously demonstrated that precise editing of the 
targeted epitope in HSPCs can endow hematopoietic cells 
with selective resistance to mAbs or CAR-T cells without 
affecting stem cell functionality (Nature, 2023). We reasoned 
that this approach could also be applied to immune-based 
non-genotoxic conditioning regimens, with the goal of 
enabling safer, more effective transplant protocols and in 
vivo selection of genome engineered hematopoietic stem 
cells.

Aims
By performing epitope mapping studies, we identified amino-
acid changes in the extracellular domain of the c-KIT that 
abrogate the binding of a therapeutic mAb (Fab79D) without 
affecting surface expression, ligand affinity and downstream 
signaling. We exploited adenine base editing (ABE) to 
efficiently (~80%) introduce these mutations in CD34+ HSPCs. 
As ABE can introduce precise base changes without the need 
for dsDNA nor templates, it is suitable for combinatorial 
approaches with other therapeutic genome modifications, 
such as the disruption of BCL11A erythroid enhancer to 
enforce fetal hemoglobin (HbF) expression. We here report 
the possibility to co-select for multiplex gene-engineered 
cells in vivo and reach therapeutic threshold without the need 
for genotoxic conditioning.

Methods
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hypothesis

• Elimination of non-specific genotoxic damage
• Precise ablation of stem and progenitor cells

BUT
• mAb/ADCs may be associated with on-target 

depletion of transplanted stem cells
• Waiting for mAb wash-out shifts the transplant 

from the nadir of myeloablation
• Does not allow in vivo enrichment of edited cells

• Early and late organ toxicity
• Bone marrow niche damage limits 

engraftment
• May promote pathogenesis of GvHD
• Irreversible consequences, such as 

infertility
• Risk of secondary malignancies

Conventional conditioning regimens are
associated with severe adverse effects BM niche

host hematopoiesis

extra-hem. 
organs

Chemo/
radiotherapy

VO D

G vH D  risk

B M  n ich e  
d am age

lo n g-term  o rgan  
d am age

in fertility

seco n d ary 
m align an cies

BM niche Extra-hem. 
organs

Targeted 
immunotherapy

graft failure

incomplete
myeloablation

transplanted 
HSPCs

on-target extra-
hematopoietic 

toxicity

Immune-based non-genotoxic conditioning options
are still associated with significant limitations

epitope
edited 
HSPCs

unmodified
 HSPCs

anti-HSPCs
mAb / ADC

• Suitable for combination with therapeutic 
genome engineering 

• Remove target epitope without gene KO, 
preserving expression, regulation and function

• Eliminates limitations due to Ab PK, 
improving myeloablation

• Allows in vivo selection of edited cells

Epitope-editing can be exploited for SCT 
conditioning and in vivo selection
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KIT epitope editing can be multiplexed with BCL11A 
editing to induce HbF expression
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KIT and BCL11A editing can be co-selected in vivo and 
result in increased therapeutic HbF induction
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