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The iNKT-dependent
butterfly effect in HCT
Kate A. Markey | Memorial Sloan Kettering Cancer Center

In this issue of Blood, Maas-Bauer and colleagues have defined, in unprece-
dented detail, the genotypic, phenotypic, and functional characteristics of
invariant natural killer T-cell (iNKT) subsets, both at steady state and after
allogeneic hematopoietic stem cell transplantation (HCT).1 iNKTs are mem-
bers of the unconventional T-cell family and are defined by their invariant
T-cell receptor-a (TCR-a) chain usage (Va14-Ja18 in mice and Va24-Ja18 in
humans) and a limited repertoire of paired Vb chains. Although classically dif-
ferentiated from polyclonal conventional T cells (Tcons) by their reactivity
specifically to phospholipid antigens presented by the class 1–like molecule
CD1d, iNKTs can also be activated in an antigen-independent fashion (eg,
by interleukin 12 [IL-12]).2 Upon activation, they can rapidly gain effector
function and acquire an iNKT1, iNKT2, or iNKT17 phenotype. Although the
iNKTs have been of significant interest to the transplant field for several
years, the specific contribution of each subset to antitumor effects and immu-
noregulatory effects in allogeneic HCT have remained unclear.3

Maas-Bauer, Lohmeyer, et al addressed
this knowledge gap by carefully character-
izing steady-state mouse iNKT subsets by

using state-of-the-art methods (see fig-
ure). After starting with single-cell tran-
scriptomics (scRNA-seq) of thymic iNKT

subsets, thus defining the breadth of pos-
sible gene expression, they next used the
scRNA-seq data to establish subset-
specific surface markers. To close the
loop and confirm that the surface staining
strategy faithfully captured the subsets
defined by scRNA-seq, the authors next
performed bulk transcriptomics (RNA-
seq) of sort-purified subpopulations.
Subset-specific chromatin accessibility
was explored by using ATAC-seq,4 dem-
onstrating that, among other findings,
the cytolytic molecules granzyme and per-
forin (Gzmb and Prf1) are likely to be tran-
scribedmost actively by the iNKT1 subset.
To further establish the function of each
iNKT lineage in mouse models of HCT,
iNKT subsets were adoptively transferred
alongside Tcons. These experiments dem-
onstrate that the iNKT2 and iNKT17 sub-
types have immunoregulatory effects (ie,
less graft-versus-host disease [GVHD]
develops in their presence) and that
iNKT1s have the strongest cytolytic effect
against CD1d-expressing tumors in vitro
and in vivo, consistent with the ATAC-
seq data.

A key challenge in studying any single
unique cell type; small-molecule, meta-
bolic pathway; or signaling cascade in
models of allogeneic HCT and GVHD, is
that GVHD occurs as the net result of an

The methodological approach taken by Maas-Bauer et al, which can be broadly applied to any cell subset of interest. Professional illustration by Patrick Lane, ScEYEnce Studios.
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interwoven network of donor- and host-
derived circulating factors and cellular
interactions.5 This begs the question: in
such a complex network, how does our
cell type of interest influence the rest of
the inflammatory milieu and thus change
overall outcome? To investigate, the poly-
clonal Tcons, which were cotransferred
with each iNKT subset were analyzed
with RNA-seq. The data suggest that early
environmental changes induced by the
adoptively transferred iNKTs alter the tran-
scriptional programming of the polyclonal
pool. The iNKT2 and iNKT17 subsets
appear to drive differential expression of
several functionally relevant genes in
both the CD41 and CD81 Tcon popula-
tions (eg, IL27ra and Stat1). These tran-
scriptomic changes were functionally
associated with reduced GVHD lethality
and less intestinal damage, as measured
by traditional histopathologic analysis.

Unconventional T cells (the iNKT popula-
tion studied here, as well as mucosa-
associated invariant T cells [MAITs] and
gd T cells) are increasingly recognized as
contributors to HCT outcome,6 and the
adoptive transfer of iNKTs in particular is
the focus of several clinical trials of
cancer-directed immunotherapy because
of their antitumor properties.7 Importantly,
it is necessary that these cells undergo an
in vitro expansion step before therapeutic
transfer, and this study suggests that care
should be taken to assess the subset com-
position of the product to be transferred,
to maximize either regulatory or antitumor
potential. As unconventional T cells are not
donor-HLA restricted, but instead recog-
nize antigens in the context of their partic-
ular HLA-like molecules (CD1d for NKT
cells and MR1 for MAIT cells) and butyro-
philins in the case of gd T cells, they are
likely to be more suitable for development
into “off-the-shelf” cellular therapy prod-
ucts in the allogeneic HCT setting than
therapies derived fromTcons.With respect
to iNKT therapies, they are likely to be
most successful if the subset composition
is optimized for the desired clinical out-
come in accordance with the subset-
specific functions defined by Maas-Bauer
and colleagues in their study.
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Killing 2 birds with 1 stone
in DLBCL
R. Eric Davis | MD Anderson Cancer Center

The success of small-molecule inhibitors targeting the BCR-ABL fusion kinase
has been difficult to replicate in more common types of cancers with heteroge-
neous molecular abnormalities, such as diffuse large B-cell lymphoma (DLBCL).
The original classification of DLBCL into germinal center B-cell (GCB) and acti-
vated B-cell (ABC) subtypes, based on gene expression profiling, still has a
physiological basis but has been supplanted by newer schemes with more cat-
egories,1 based on diverse but recurrent abnormalities. However, specific
inhibitors targeting certain of these abnormalities or related pathways have
not yet achieved Food and Drug Administration approval in DLBCL, even for
patients displaying the targeted abnormality. Might an empiric approach be
a complementary alternative for finding (or repurposing) effective drugs?
Could 1 drug target different types of DLBCL in different ways? In this issue
of Blood, Schmitt and colleagues2 provide affirmative answers to both
questions.

Dimethyl fumarate (DMF), a simple com-
pound that is already approved for 2
diseases mediated by activated lympho-
cytes (multiple sclerosis and psoriasis),
was tested in vitro against diverse cell
lines. Efficacy was frequent against lines
representing both ABC and GCB sub-
types of DLBCL, and against mantle cell
lymphoma (MCL), but not against mye-
loid, carcinoma, or melanoma types. The
authors then did extensive work on the
mechanism of action of DMF in DLBCL
lines and found differences between the
subtypes (see figure).

DMF profoundly depleted glutathione in
GCB-DLBCL and MCL lines, apparently

throughdirect succinylation.Becausegluta-
thione is critical for cellular redox balance
and neutralization of ROS, its depletion
led to ferroptosis, a caspase-independent
form of programmed cell death in which
iron-dependent lipid peroxidation causes
loss of plasma membrane integrity.3

Molecular features of ferroptosis were
observedwithDMFtreatment,andmultiple
inhibitors of ferroptosis protected GCB-
DLBCL lines from DMF, confirming its
causal role. DMF-induced ferroptosis was
facilitatedbytheROS-generating, iron-con-
taining enzyme arachidonate 5-LOX,
expressed in the nucleus (as required for
its activity) in GCB-DLBCL cell lines and
50% of primary tumors.
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