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mutations in any of 26 genes that encode for ribosomal proteins.
RPS19 is the most frequently mutated, representing 25% of all the
DBA genes. This study summarizes the preclinical work conducted
to initiate an ex vivo lentiviral mediated gene therapy trial for
patients with mutations in RPS19.

Initialy, two lentiviral vectors (LVs) carrying the codon-
optimized RPSI9 gene under different eukaryotic promoters (the
phosphoglicerate kinase; PGK. CoRPS19, and the elongation factor
alpha in its short version; EFlo. CoRPS19) were developed and
tested. The efficacy proof of concept was demonstrated through the
restoration of RPSI9 expression and ribosomal biogenesis in
RPS19-deficient K562 cells. Based on its superior performance, the
PGK.CoRPS19 LV, was selected for further evaluation in CD34+
hematopoietic stem and progenitor cells (HSPCs) from patients
with DBAS. The transduction these cells with this LV improved
the erythroid differentiation and increased BFU-E colony formation
in vitro. Subsequently, in vivo experiments in immunodeficient
mice showedenhanced erythropoiesis and polyclonal hematopoietic
reconstitution and reverted ribosomal biogenesis in the RPS19 —cor-
rected cells. These results offered compelling evidence suggesting
that LV-mediated gene therapy with the PGK.CoRPS19 LV should
offer an effective approach to correct the hematological defects
characteristic of RPS19-deficient DBA patients.

In vivo toxicity and LV-biodistribution studies following infu-
sion of transduced cells in mice completed the preclinical safety
evaluation of this gene therapy approach. Ongoing single-cell
RNA sequencing aims to elucidate at high resolution the tran-
scriptomic effects associated with gene correction of RPS/9-
mutated CD34+ cells. Our preclinical findings allowed us to
obtain the Orphan Drug designation (EMA/OD/0000060656) for
this LV gene therapy approach, as well as a National grant to ini-
tiate a Phase I/II clinical trial in Spain (DIAMOND). The trial
will assess the safety and efficacy associated to the infusion of
autologous CD34+ cells transduced with the PGK.CoRPS19 LV
in DBA patients with mutations in RPS/9.
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Hematopoietic stem and progenitor cell gene therapy (HSPC-
GT) harnesses the regenerative capacity of HSPCs by inserting
therapeutic genes via integrative vectors, notably lentiviral vec-
tors (LVs). Once reinfused, these modified cells sustain lifelong
multilineage hematopoiesis. However, vector integration can
inadvertently activate proto-oncogenes, with potential conse-
quences ranging from clonal dominance to leukemogenesis, as
highlighted by adverse events in clinical trials. Before transforma-
tion, ectopic oncogene activation in cells may trigger oncogene-
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induced senescence, a tumor-suppressive response characterized by
permanent proliferation arrest and the senescence-associated secre-
tory phenotype, which promotes chronic inflammation and disrupts
tissue homeostasis.

To investigate the long-term consequences of random onco-
gene activation by insertional mutagenesis, we transplanted wild-
type (WT) or Cdkn2a™"mouse HSPCs, lacking the key senes-
cence regulators p16™5%** and p19*RF, transduced with either a
genotoxic LV carrying the strong SFFV promoter (LV.SF) or a
clinically relevant self-inactivating (SIN) LV harboring the
weaker PGK promoter (LV.PGK). Peripheral blood composition
was monitored over 2.5 years, and clonal dynamics were assessed
through high-throughput vector integration site (IS) retrieval
from purified B, T, and myeloid cells.

Mice receiving Cdkn2a™'"LV.SF-transduced cells developed
aggressive myeloid malignancies with significantly reduced
latency (p < 0.0001). Although WT/LV.SF mice did not suc-
cumb for malignancy, they exhibited extreme myeloid skewing
and progressive loss of clonal diversity across all lineages, when
compared to LV.PGK. This signature is consistent with features
of accelerated hematopoietic aging likely caused by the genotox-
icity of LV.SF insertions. IS analysis revealed recurrent activa-
tion of the Braf oncogene in Cdkn2a™tumors and, to a lesser
extent, in WT recipients, implicating insertional activation as a
key driver of transformation and accelerated aging. To address if
genotoxic vector integrations could impact cellular stress and
trigger somatic mutations, we developed VISMA (Vector Inte-
gration Site Mutation Analysis) where we analyzed the genomic
sequences flanking ISs (N > 200,000 IS, corresponding > 9 Gb of
genomic sequence) and developed a novel Mutation Index (MI),
where the number of somatic mutation identified in IS-flanking
regions is normalized by clone number and sequencing coverage.
VISMA revealed significantly elevated MI in LV.SF-treated
mice relative to LV.PGK controls (p < 0.001), with myeloid
clones accumulating the highest mutation burden. This effect was
exacerbated in Cdkn2a” mice, indicating that disruption of
senescence barriers enhances mutation accumulation. Whole-
genome sequencing confirmed the elevated mutation burden in
LV.SF groups, ruling out sequencing artifacts or integration bias.

Finally, we applied a Bayesian inference model integrating IS
dynamics and somatic mutations to infer clonal evolution trajec-
tories. This revealed increased mutational complexity, subclonal
diversity, and faster clonal expansion in the LV.SF condition
compared to LV.PGK.

Collectively, our data reveal that insertional activation of onco-
genes in HSPC-GT induces a cascade of biological events such as
chronic inflammation, clonal restriction, and somatic evolution that
compromise long-term hematopoietic integrity. Importantly, by
coupling vector IS analysis with quantitative mutation profiling, we
establish a novel framework to detect and interpret somatic muta-
genesis directly from sequencing data. This approach unveils an
underrecognized layer of vector genotoxicity and opens new ave-
nues for dissecting mutation dynamics in gene therapy contexts.
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Adeno-Associated virus (AAV) vectors have emerged as
highly promising tools for in-vivo gene therapy in clinical





