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Does the world need germline editing for -thalassemia?
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In this issue of Haematologica, Lu and co-workers report
the correction, by CRIPSR-Cas9 gene editing, of the f-glo-
bin gene in the germ cells of a mouse model carrying the
human pB-globin gene with the IVS2-654 thalassemia (%)
mutation that is common in East Asian patients with p-
thalassemia. This mutation creates a new donor splice
site in intron 2 of the B-globin gene which co-operates
with a cryptic splice site further downstream to insert an
abnormal exon containing a premature stop codon. This
mutation thus results in the almost complete inactivation
of the affected p-globin allele. Lu and co-workers desi-
gned two sgRNA that simultaneously target and delete
both the novel 5’ donor splice site and the cryptic accep-
tor splice site. Microinjection of the two sgRNA into ferti-
lized murine eggs together with the nuclease Cas9
produced 12/37 viable mice with editing of the target
locus, half of which carried the desired deletion of the tar-
get region. Remarkably, the peripheral blood of seven of
the 12 edited mice showed correct splicing of the -globin
gene, and six of these seven exclusively expressed cor-
rectly processed RNA and normal human globin. Finally,
the authors demonstrated that mice with successfully
edited p®* human B-globin genes have much-improved
hematologic parameters and survival compared to non-
edited mice.! These results indicate that the faulty RNA
processing induced by the common p%%* thalassemia mu-
tation can be corrected by a complex and innovative edi-
ting strategy.

p-thalassemia is one of the most common genetic disor-
ders worldwide and has been a target for the develop-
ment of gene therapy for decades. In fact, the p-globin
gene was the first human gene to be cloned more than
40 years ago and more than 300 mutations resulting in
thalassemia have been described since then. Early at-
tempts at gene therapy were not successful.? However,
with the advent of modern vector technology the first re-
ports of successful somatic thalassemia gene therapy of
hematopoietic cells began to emerge some 10 years ago.®
More recently, systematic clinical studies have employed
self-inactivating lentiviral vectors containing a therapeutic
p-globin gene. Such constructs are used to transduce
human hematopoietic stem cells mobilized and isolated
from affected patients thus adding a functional f-globin
gene into the genome of these cells playing a key role in
the pathogenesis in thalassemia.* The game-changing ef-
ficacy and safety of this procedure convinced the Euro-
pean Medicine Agency (EMA) to license such a product for

the treatment of a defined group of patients with trans-
fusion dependent p-thalassemia.

Reversing the perinatal hemoglobin switch from fetal to
adult globin synthesis by CRIPSR-Cas9-mediated inacti-
vation of BCL11A, the central erythroid-specific negative
regulator of y-globin gene expression, in hematopoietic
stem cells has been reported to induce high-level HbF
synthesis resulting in transfusion independence.” How-
ever, both gene addition and gene editing strategies may
potentially carry the risk of serious long-term complica-
tions by insertional mutagenesis.® Concerns about the sa-
fety of gene editing have recently been raised by reports
describing that the double-stranded DNA breaks induced
by Cas9 can trigger a TP53-mediated DNA damage re-
sponse and major structural changes of the DNA resulting
in the formation of micronuclei and chromothripsis, one
of the major mechanisms of carcinogenesis.”® While these
safety concerns have so far not been an issue in either
gene addition or gene editing studies in patients with pB-
thalassemia, long-term follow-up will inform us whether
such concerns will be relevant in the long run.

When considering the therapeutic use of genetic
engineering it is conceptually important to distinguish
between somatic gene therapy targeting a disease-rele-
vant cell type or tissue and germline engineering that in-
troduces heritable genetic changes. While the former
strategy has been used to develop novel treatments of
several genetic and acquired diseases, the latter is com-
monly used in animal models aimed at the understanding
of key pathological mechanisms. In fact, manipulation to
introduce heritable changes into human germ lines has
been viewed very critically by several European, North-
American and Chinese scientific societies and is legally
banned in the European Union.®"°

Despite this, Lu and co-workers consider that the results
of their manipulation of murine germ cells “provide a
groundwork for the exploration of f°°*-thalassemia therapy
in the future”. Notably, these authors report that the ma-
nipulation of fertilized murine eggs induced several unex-
pected structural variants including inversions, unexpected
single nucleotide substitutions and larger deletions than
those the pair of sgRNA were designed to generate. These
findings thus highlight the potential of gene editing to in-
duce unexpected genetic variants that go beyond simple
off-target effects induced by sequence similarities bet-
ween the guide RNA and other loci of the genome. Consi-
stent with the findings of Pellman’s group in edited
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hematopoietic stem cells’ these findings indicate that gene
editing is more imprecise than widely thought and that its
clinical use should be developed with caution. While this is
certainly true for the development of somatic gene therapy,
these findings are clearly particularly relevant when heri-
table manipulation of human germ cells is considered for
the exploration of f-thalassemia therapy. Even with a per-
fectly precise technology the ethical concerns of introdu-
cing heritable changes into human germ cells have been
grave enough to ban human germline engineering for the-
rapeutic purposes. And to those who do not share the con-
cept of ethical reservations against germline manipulation,
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the substantial technical uncertainties relating to the lack
of specificity of the procedure should be reason enough to
stand off. One might therefore wonder whether Lu and co-
workers may want to adapt their innovative technical ap-
proach to the development of somatic gene therapy, which
may also carry the potential of risk but does not cause he-
ritable changes of germ cells thus limiting any potential un-
wanted outcome to the individual patient.
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