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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.

Conflict-of-interest disclosure: A.K.-R.
declares no competing financial interests.
A.A. is the principal investigator of clinical
trials sponsored by Orchard Therapeutics. ▪

REFERENCES
1. Wong RL, Sackey S, Brown D, et al. Lentiviral

gene therapy for X-linked chronic
granulomatous disease recapitulates
endogenous CYBB regulation and
expression. Blood. 2023;141(9):1007-1022.

2. Grez M, Reichenbach J, Schwable J, Seger R,
Dinauer MC, Thrasher AJ. Gene therapy of
chronic granulomatous disease: the
engraftment dilemma. Mol Ther. 2011;19(1):
28-35.

3. Chiesa R, Wang J, Blok HJ, et al.
Hematopoietic cell transplantation in chronic
granulomatous disease: a study of 712
children and adults. Blood. 2020;136(10):
1201-1211.

4. Tucci F, Galimberti S, Naldini L,
Valsecchi MG, Aiuti A. A systematic review
and meta-analysis of gene therapy with
hematopoietic stem and progenitor cells for
monogenic disorders. Nat Commun. 2022;
13(1):1315.
5. Santilli G, Almarza E, Brendel C, et al.
Biochemical correction of X-CGD by a novel
chimeric promoter regulating high levels of
transgene expression in myeloid cells. Mol
Ther. 2011;19(1):122-132.

6. Chiriaco M, Farinelli G, Capo V, et al. Dual-
regulated lentiviral vector for gene therapy of
X-linked chronic granulomatosis. Mol Ther.
2014;22(8):1472-1483.

7. Kohn DB, Booth C, Kang EM, et al. Lentiviral
gene therapy for X-linked chronic
granulomatous disease. Nat Med. 2020;26(2):
200-206.

8. Jofra Hernandez R, Calabria A, Sanvito F,
et al. Hematopoietic tumors in a mouse
model of X-linked chronic granulomatous
disease after lentiviral vector-mediated gene
therapy. Mol Ther. 2021;29(1):86-102.

9. Petrillo C, Thorne LG, Unali G, et al.
Cyclosporine H overcomes innate immune
restrictions to improve lentiviral transduction
and gene editing in human hematopoietic
stem cells. Cell Stem Cell. 2018;23(6):
820-832 e9.

10. De Ravin SS, Brault J, Meis RJ, et al.
Enhanced homology-directed repair for
highly efficient gene editing in hematopoietic
stem/progenitor cells. Blood. 2021;137(19):
2598-2608.

https://doi.org/10.1182/blood.2022018800

© 2023 by The American Society of Hematology
LYMPHOID NEOPLASIA

Comment on Barilà et al, page 1036

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

http://refhub.elsevier.com/S0006-4971(22)07722-9/sref1
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref1
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref1
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref1
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref1
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref2
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref2
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref2
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref2
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref2
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref3
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref3
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref3
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref3
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref3
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref4
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref5
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref5
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref5
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref5
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref5
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref6
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref6
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref6
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref6
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref7
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref7
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref7
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref7
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref8
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref8
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref8
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref8
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref8
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref9
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref10
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref10
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref10
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref10
http://refhub.elsevier.com/S0006-4971(22)07722-9/sref10
https://doi.org/10.1182/blood.2022018074
http://www.bloodjournal.org/content/141/9/1036
http://www.bloodjournal.org/content/141/9/1036
http://www.bloodjournal.org/content/141/9/1036
http://www.bloodjournal.org/content/141/9/1036
https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2022018074&domain=pdf&date_stamp=2023-03-02


LGLL
- Cytopenia (esp. neutropenia, anemia)
- Association with autoimmune diseases (esp. rheumatoid arthritis)
- Association with SPM (especially MGUS/B-NHL)
- Splenomegaly

T-LGLL
T-cell derived

NK-LGLL
NK-cell derived

CD4+T-LGLL CD8+T-LGLL

Tααββ LGLL
- Expression of TCR α/β

 

- Anemia ↑
- (Severe) neutropenia ↑
- Requiring treatment ↑
- Response to treatment with CSA ↑ 
- Overall survival (↓)

Compared to αα/ββ-variant:

Tγγδδ LGLL
- Expression of TCR γ/δ

V  2 positive
“Indolent“ disease

V  2 negative
“Symptomatic“ disease

- Association with STAT3 mutation

δδ

Dissecting LGLL. B-NHL, B-non-Hodgkin lymphoma; esp., especially; MGUS, monoclonal gammopathy of undetermined significance; SPM, second primary malignancy; STAT,
signal transducer and activator of transcription.
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are chronic conditions with a similar,
rather indolent course of disease. How-
ever, Tγδ LGLL itself is not a homogenous
entity: positivity for the Vδ2 receptor
chain seems to be associated with a more
indolent form of disease (see figure).

The analysis by Barilà et al further sug-
gests that the choice of therapy also
needs to be based on the subtype of
T-LGLL: generally, independent of
T-LGLL variant, low-dose methotrexate
(MTX) or cyclophosphamide is used in
first-line therapy, whereas immunosup-
pression with CSA is reserved for sec-
ond- or third-line therapy.2 The data
presented by Barilà et al suggest that
“one treatment fits all” might no longer
be correct for T-LGLL patients: patients
with the γδ variant do not seem to
respond well to MTX, but do benefit
from therapy with CSA. The clinical
relevance is emphasized by the obser-
vation that response to therapy
968 2 MARCH 2023 | VOLUME 141, NUM
translated into prolonged progression-
free survival and prolonged OS.1
The differences found clinically between
Tαβ and Tγδ LGLL by the authors are
partially reflected by differences on the
biological level. Under normal circum-
stances, Tγδ lymphocytes comprise less
than 10% of peripheral blood CD3+

T cells. Unlike Tαβ lymphocytes, Tγδ
lymphocytes are not dependent on
the major histocompatibility complex
for antigen presentation. Butyrophilin/
butyrophilin-like proteins have been
identified as potential specific antigen-
presenting molecules in this cell
subtype.3,4

The hypothesis that the initiating event
of T-LGLL is chronic antigen stimula-
tion is intriguing; however, tangible
supporting evidence is missing so far.
Indeed, in Tαβ LGLL TCR clonotypes
BER 9
have been demonstrated to be private
to the disease (ie, absent in healthy
controls) and to the patient,5,6

although a recent study observed that
over half of the T-LGLL clonotype
TCRs share structural similarities with
TCR from the same patients’ non-
leukemic repertoires.7 In Tγδ LGLL the
dominant clonotypes seem to be
mainly public (ie, shared with at least 1
healthy donor).8 At the genetic level,
however, both subtypes appear to
share somatic mutations as well as
putative drivers.9

In interpreting the data presented by
Barilà et al, some caution is still warranted:

• Experience shows that the diagnosis
of Tγδ LGLL is more difficult than that
of Tαβ LGLL, partially due to the
lower median LGL cell count. It is,
therefore, possible that Tγδ LGLL
cases are more likely to be late-stage
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diseases compared with Tαβ LGLL
cases.

• T-LGLL is also known to be associ-
ated with a variety of autoimmune
cytopenia such as pure red cell
aplasia (PRCA). Patients with PRCA
respond well to noncytotoxic immu-
nosuppression—for example, with
CSA. Most patients that had received
CSA in this cohort were treated due
to anemia. Undiagnosed PRCA must
be ruled out in this context, as Barilà
et al mention in the Discussion. Pro-
vocatively, this raises the question
whether careful diagnosis of the
symptom determining concomitant
disease is more important than dif-
ferentiation of the T-cell receptor in
choosing the optimal therapy for
T-LGLL patients.

T-LGLL is a disease with a wide range of
manifestations, and its position at
the intersection of chronic inflammation,
autoimmune disease, and monoclonal
hematologic disease is highly intriguing.3

The major questions to be answered are:

• What unites these clinical cases, and
what separates them?

• Is it one disease with a unifying
pathophysiology or the reverse,
clinically and/or molecularly distinct
entities?

The exploration of the LGLL landscape has
just begun. The heterogeneity of T-LGLL is
not limited to the pathologic classification:
even in a single patient, Tγδ, Tαβ, or NK
LGLL clones can coexist. Furthermore,
clonal drifts are common. The impact of
genetic and epigenetic changes, not least
on the interplay of the leukemic cells and
the nonleukemic immune repertoire, is
poorly understood. Here initial studies at
the single-cell level have provided first
exciting insights.7 These and future studies
should pave theway for improved targeted
and personalized therapies in this orphan
disease.
Conflict-of-interest disclosure: The author
declares no competing financial interests. ▪
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1. Barilà G, Grassi A, Cheon H, et al. Tγδ LGLL

identifies a subset with more symptomatic
disease: analysis of an international cohort of
137 patients. Blood. 2023;141(9):1036-1046.

2. Lamy T, Moignet A, Loughran TP. LGL
leukemia: from pathogenesis to treatment.
Blood. 2017;129(9):1082-1094.
3. Willcox BE, Willcox CR. γδ TCR ligands: the
quest to solve a 500-million-year-old mystery.
Nat Immunol. 2019;20(2):121-128.

4. Melandri D, Zlatareva I, Chaleil RAG, et al. The
γδTCR combines innate immunity with adaptive
immunity by utilizing spatially distinct regions for
agonist selection and antigen responsiveness.
Nat Immunol. 2018;19(12):1352-1365.

5. Clemente MJ, Przychodzen B, Jerez A, et al.
Deep sequencing of the T-cell receptor
repertoire in CD8+ T-large granular
lymphocyte leukemia identifies signature
landscapes. Blood. 2013;122(25):4077-4085.

6. Bhattacharya D, Teramo A, Gasparini VR, et al.
Identification of novel STAT5B mutations and
characterization of TCRβ signatures in CD4+
T-cell large granular lymphocyte leukemia.
Blood Cancer J. 2022;12:31.
7. Huuhtanen J, Bhattacharya D, Lönnberg T,
et al. Single-cell characterization of leukemic
and non-leukemic immune repertoires in CD8+

T-cell large granular lymphocytic leukemia.
Nat Commun. 2022;13:1981.

8. Teramo A, Binatti A, Ciabatti E, et al.
Defining TCRγδ lymphoproliferative disorders
by combined immunophenotypic and
molecular evaluation. Nat Commun. 2022;13:
3298.

9. Cheon HJ, Xing JC, Moosic KB, et al. Genomic
landscape of TCRαβ and TCRγδ T-large
granular lymphocyte leukemia. Blood. 2022;
139(20):3058-3072.
https://doi.org/10.1182/blood.2022018074

© 2023 by The American Society of Hematology
TRANSPLANTATION

Comment on Yu et al, page 1070

A novel RIPK1 inhibitor
attenuates GVHD
Geoffrey R. Hill1,2 and Motoko Koyama1 | 1Fred Hutchinson Cancer Center
and 2University of Washington

In this issue of Blood, Yu et al identify the role of enterocyte RIPK1/RIPK3 in
the generation of graft-versus-host disease (GVHD) and generate a potent
RIPK1 inhibitor, Zharp1-211, which inhibits GVHD without impacting graft-
versus-leukemia (GVL) in a murine model.1
Acute GVHD in the gastrointestinal (GI)
tract is a critical determinant of mortality
and morbidity after allogeneic stem
cell transplantation.2 Intestinal epithelial
cells (IECs) havebeenemergingasapivotal
lineage for the initiation and amplification
of acute GVHD, while also representing a
major target.3 The characteristic patholog-
ical feature of acute gut GVHD is the
apoptosis of IECs. More recently, multiple
nonapoptotic gene-regulated cell death
pathways have been identified including
necroptosis.4 In necroptosis, receptor-
interacting serine/threonine-protein kinase
1 (RIPK1) and RIPK3 recruit mixed lineage
kinase domain-like (MLKL) which executes
cell death by forming membrane pores.
Autophagy is a pivotal pathway by which
IECs are protected from necroptosis.
Thus, if the autophagic protein ATG16L1
is abrogated in IECs, RIPK3 overtly pro-
motes MLKL phosphorylation, nec-
roptotic cell death, and GVHD.5

However, necroptosis independent
effects of the RIPK1/RIPK3 complex
during GVHD have not been described.
Yu et al demonstrate that inactivation or
depletion of RIPK1 or RIPK3 specifically
in IECs profoundly reduces GVHD mor-
tality and attendant visceral GVHD his-
topathology in autophagy-competent
recipients.1 This effect occurred in asso-
ciation with reduced levels of circulating
cytokines and chemokines. Intriguingly,
the protective effects of RIPK1 and
RIPK3 inactivation were not dependent
on the necroptotic or caspase-8 depen-
dent apoptotic programmed cell death
pathways. Indeed, MLKL deletion in
recipient IECs delayed the onset of
GVHD but did not prevent lethality.
Rather, the authors found that RIPK1/
RIPK3 complexes bind JAK1 to phos-
phorylate and activate STAT1 in IECs,
resulting in enhanced chemokine (CCL9
and CCL10) secretion at multiple time
points after bone marrow trans-
plantation. Donor T-cell migration to the
GI tract during GVHD is known to be
dependent on multiple chemokine
receptors such as CXCR3,6 which is the
receptor for CCL9 and CCL10, and
CCR5.7 RIPK1/RIPK3 complexes also
2 MARCH 2023 | VOLUME 141, NUMBER 9 969
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