
patients with classic hairy cell leukemia
who have relapsed and require therapy.
D
ow

nloaded from
 http://ashpublication
Conflict-of-interest disclosure: The author
has served as a consultant to AstraZeneca,
Ascerta, Pharmacyclics, Innate Pharma,
Serono, and Axio, Inc; serves on the advi-
sory board for the Hairy Cell Leukemia
Foundation; and receives financial support
for the Hairy Cell Leukemia Foundation
Patient Data Registry. ▪

REFERENCES
1. Kreitman RJ, Moreau P, Ravandi F, et al.

Dabrafenib plus trametinib in patients with
relapsed/refractory BRAF V600E mutation–
positive hairy cell leukemia. Blood. 2023;
141(9):996-1006.

2. Chihara D, Arons E, Stetler-Stevenson MA,
et al. Randomized phase II study of first-line
cladribine with concurrent or delayed
rituximab in patients with hairy cell leukemia.
J Clin Oncol. 2020;38(14):1527-1538.

3. Grever MR, Abdel-Wahab O, Andritsos LA,
et al. Consensus guidelines for diagnosis and
966 2 MARCH 2023 | VOLUME 141, NUM
management of patients with classic hairy cell
leukemia. Blood. 2017;129(5):553-560.

4. Dietrich S, Pircher A, Volker E, et al. BRAF
inhibition in hairy cell leukemia with low-dose
vemurafenib. Blood. 2016;127(23):2847-2855.

5. Tiacci E, Park JH, De Carolis L, et al. Targeting
mutant BRAF in relapsed or refractory hairy cell
leukemia. N Engl J Med. 2015;373(18):
1733-1747.

6. Tiacci E, De Carolis L, Simonetti E, et al.
Vemurafenib plus rituximab in refractory or
relapsed hairy-cell leukemia. N Engl J Med.
2021;384(19):1810-1823.

7. Shenoi DP, Andritsos LA, Blachly JS, et al. Classic
hairy cell leukemia complicated by pancytopenia
and severe infection: report of 3 cases treated
with vemurafenib. BloodAdv. 2019;3(2):116-118.

8. Grever M, Andritsos L, Banerji V, et al. Hairy
cell leukemia and COVID-19 adaptation of
treatment guidelines. Leukemia. 2021;35(7):
1864-1872.

https://doi.org/10.1182/blood.2022018319

© 2023 by The American Society of Hematology
s

safety of the GT platforms used to treat
X-CGD.
 .net/blood/article-pdf/141/9/966/2036326/blood_bld-2022-018800-c-m

ain.pdf by guest on 23 M
ay 2024
GENE THERAPY

Comment on Wong et al, page 1007

Towards improved yet
regulated gene therapy for
X-CGD
Anna Kajaste-Rudnitski1 and Alessandro Aiuti1,2 | 1IRCCS San Raffaele
Scientific Institute and 2Vita-Salute San Raffaele University

In this issue of Blood, Wong et al1 exploit bioinformatic tools to design and
test a minimal (core) promoter region to produce sufficient physiological
expression of the CYBB gene, which is defective in patients affected by
X-linked chronic granulomatous disease (X-CGD). X-CGD is the most common
form of CGD in males. CGD is an inborn error of immunity caused by a
defective reduced NAD phosphate (NADPH) complex, which is a key
component of innate immune defense against bacterial and fungal patho-
gens.2 The gp91phox protein encoded by the CYBB gene is required for the
production of reactive oxidase species and is expressed predominantly in
myeloid and B-cell lineages but not in primitive hematopoietic stem and
progenitor cells (HSPC).2
Allogeneic transplantation is a curative
treatment that may be performed in
patients with X-CGD with a well-
matched donor. Despite the improved
outcomes achieved in the past decade,3

allogeneic transplantation still carries a
significant risk of complications. Autolo-
gous HSPC gene therapy (GT) is a
promising alternative therapy. Several
clinical trials have explored GT for X-
CGD using integrating vectors, with
more than 25 patients treated to date.4

The first studies based on the use of γ
retroviral vectors were hampered by a
high incidence of insertional mutagen-
esis as well as gp91phox inactivation due
to methylation of the viral vector pro-
moter.2 This suggested that the proper
BER 9
regulation of the CYBB gene is critical for
safety and success of HSPC GTs, fueling
the development of myeloid-restricted
gp91phox expression5 as well as of
combined transcriptional and post-
transcriptional regulation strategies
designed to avoid HSPC ectopic
expression.6 More recently, clinical trials
based on lentiviral vectors using a
chimeric myeloid promoter showed
initial evidence of restored NADPH
activity and clinical efficacy.7 However,
transgene expression did not reach
physiological levels, and the proportion
of oxidase-positive cells was variable (1%
to 63% at last follow-up).7 These results,
together with recent evidence suggest-
ing that chronic inflammation in CGD
may exert a negative effect on HSPC and
their transduction, thereby increasing the
risk of oncogenesis,8 further emphasize
the need to improve the efficacy and

The limited cargo capacity of viral vectors
also contributes to the many challenges
of achieving clinically relevant yet tight
physiological expression and regulation
of a transgene. Transgene size has
hampered the production of high-titer
lentiviral vectors in diseases such as
CGD and β-thalassemia, in which the
endogenous locus control region is too
big to be included within the viral vector,
making obtaining sufficient levels of
transgene expression challenging.
Several groups have developed trans-
duction enhancers that could, in princi-
ple, result in sufficient transgene copies
even with low-titer vectors.9 Here, thanks
to the bioinformatics-guided design of a
lentiviral vector to express CYBB gene
from a minimal endogenous enhance-
promoter region, Wang et al have ach-
ieved increased transduction levels while
preserving physiological expression of
the corrective gene. The enhancer-
promoter optimization has allowed
Wang et al to significantly reduce the
cargo size, thus improving vector titers
and transduction efficacy that contribute,
together with the improved expression
profiles, to functional restoration of
immune cells deriving from modified
HSPC. This level of fine regulation could
reduce the risk associated with non-
physiological levels of gp91phox expres-
sion in HSPC potentially triggering
aberrant reactive oxygen species pro-
duction.2 The newly designed vector
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leads to effective reconstitution of
gp91phox expression, and NADPH oxi-
dase in vitro and in vivo protects X-CGD
mice from experimental Burkholderia
cepacia infection, thereby providing a
preclinical proof of concept. Although in
some in vitro studies gp91phox reached
levels higher than normal, the transgene
was expressed at physiological levels
across all lineages when transduced
X-CGD patient cells were engrafted into
immunodeficient mice.

The lentiviral vector designed by Wong
et al was compared with a myeloid-
specific chimeric promoter currently in
clinical trial7 but not with other regulated
vectors. The overall improvement over the
chimeric myeloid promoter–based vector
is considerable in that the expression
pattern of endogenous gp91phox is well
recapitulated in myeloid and B cells,
managing to increase expression levels
without compromising expression speci-
ficity. Emerging technologies based
on gene-correction approaches by
homology-directed repair into the CYBB
locus10 could, in principle, provide a more
robust physiological regulation vs regu-
lated lentiviral vectors but the efficiency
and long-term safety of gene editing is still
under investigation. Overall, the strategy
developed by Wong et al holds promise
as an improved gene therapy platform for
X-CGD, if further testing confirms the
results obtained so far.
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T-LGLL: variety is the spice
of this leukemia
Natali Pflug | University of Cologne

In this issue of Blood, Barilà et al1 characterize the clinical and biological
features of Tγδ large granular lymphocyte leukemia (Tγδ LGLL). They report
that Tγδ LGLL, compared with the more common Tαβ variant, displays
distinctive features, is associated with a less indolent form of the disease,
and has shorter overall survival (OS). Patients with Tγδ LGLL seem to benefit
from therapy with noncytotoxic ciclosporin (CSA).
LGLL is a disease that is incompletely
understood. The updated 2022 World
Health Organization classification distin-
guishes 3 subtypes of monoclonal dis-
eases of large granular lymphocytes
(LGL): T cell–derived T-LGLL, the rarer
natural killer (NK) cell–LGLL (both
deemed rather indolent), as well as
aggressive NK cell leukemia.

T-LGLL is commonly classified as a leu-
kemia characterized by monoclonal
cytotoxic T cells; however, it is a matter
of debate whether this designation is
adequate, as T-LGLL is not only a leu-
kemia, but rather a disease characterized
by (autoimmune-mediated) cytopenia,
associated autoimmune disorders, and a
disproportionate increase in secondary
primary neoplasms, in particular, B-cell
diseases. This triad is used to determine
the indication for therapy.2

Phenotypically and clinically, a rarer vari-
ety, CD4+ T-LGLL, can be distinguished
from CD8+ T-LGLL. Furthermore, within
CD8+ T-LGLL a Tαβ variant can be
distinguished from a Tγδ variant based on
the T-cell receptor (TCR) chains
expressed (see figure).

However, clonal LGLs do not necessarily
indicate a disease; they are regularly
detected after stem cell and organ
transplantation. Furthermore, it is unclear
how several borderline conditions such as
Felty syndrome or hypoplastic myelo-
dysplastic syndrome need to be classified
within the LGLL landscape.

Barilà et al provide a further important
piece to this puzzle: the largest cohort on
Tγδ LGLL published to date with molec-
ular characterization, as well as informa-
tion on response to treatment. The
authors collected data on 137 patients
with Tγδ LGLL followed at 8 international
centers and found that Tγδ LGLL is a
variant with distinctive clinical features.
Of special interest, Tγδ LGLL seemed
significantly more frequently symptom-
atic with reduced OS compared with Tαβ
LGLL.1 This finding contradicts the para-
digm that both Tαβ LGLL and Tγδ LGLL
2 MARCH 2023 | VOLUME 141, NUMBER 9 967
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