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CD28 fusions: an opportunity
for young ATL?
Lucy B. M. Cook and Aileen G. Rowan | Imperial College London

In this issue of Blood, Yoshida et al identify concurrent fusions of CD28 with
CTLA4 and ICOS in younger Japanese patients with adult T-cell leukemia/
lymphoma (ATL).1

With chemotherapy-based treatment
approaches, overall survival in ATL has not
significantly improved in the nearly 40
years since humanT-cell lymphotropic virus
and ATL were first described.2 Therefore,
the identification of a novel, measurable,
and druggable target is exciting.

The median age at presentation with
ATL is ;70 years in Japanese patients,
whereas ATL arising in patients living in
the United States, Europe, the Caribbean,
and South America occurs at age 45 to
55 years.3 It is not understood whether
the differences in age at presentation reflect
differences in disease biology, underlying
host genetics, immune response to the tu-
mor or virus, or environmental factors.

Yoshida et al hypothesize that the tumors
of younger patients with ATL would con-
tain distinct genetic alterations, similar
to other cancers that present in younger
individuals, such as ETV6-RUNX1 fusion
seen in childhood acute lymphoblastic
leukemia. They identify concurrent CTLA4-
CD28 and ICOS-CD28 fusions in 37.5%
of ATL cases (3 of 8 cases) in those age
,50 years, the presence of which did not
affect survival. This is in contrast to earlier

reports of peripheral T-cell lymphoma (PTCL)
andATL,where thepresenceof both fusions
was rare.4,5

CD28 and ICOS are costimulatory mol-
ecules that potentiate T-cell activation on
binding their respective ligands CD80/
CD86 and ICOSL. In contrast, ligation of
the coinhibitory CD28 homolog CTLA4
inhibits T-cell activation through binding
ligands of CD28 with higher affinity, se-
questering CD80/CD86 and initiating an
inhibitory signaling cascade. The CTLA4-
CD28 fusion consists of the extracellular
and transmembrane domains of CTLA4
and the intracellular signaling domain of
CD28, whereas the ICOS-CD28 fusion
combines only the signal peptide from
ICOS with the extracellular and intracel-
lular domains of CD28. In other PTCL
tumors, this ICOS-CD28 fusion was as-
sociated with CD28 overexpression and
ICOS haploinsufficiency.6

Yoshida et al demonstrate in vitro that
the expression of CTLA4-CD28 and, to a
lesser degree, CTLA4-ICOS fusions could in-
duce cellular proliferation when cocultured
with cells expressing CD80 and CD86. In
ATL cases with both fusions present,

immunohistochemistry demonstrated that
ATL tumor cells express CD80 and mac-
rophages in the tumor microenvironment
express CD86, suggesting that both intra-
and intercellular actions could drive cel-
lular proliferation in vivo. The authors
report that cases with fusions had gene
expression signatures associated with
AKT and RAF signaling and, strikingly,
LAG3 downregulation, which is known
to negatively downregulate T-cell pro-
liferation. Finally, the in vitro CD80/CD86-
driven proliferation of cells expressing
CTLA4-CD28 fusion could be suppressed
with a CTLA4-blocking antibody in a dose-
dependent manner.

Chemotherapy alone rarely cures ATL,
and there is a desperate need for new
and better therapies and for an under-
standing of how to apply our current
therapies more effectively. For example,
mogamulizumab is associated with better
responses in leukemic rather than nodal
disease, even more so in the presence
of CCR4-activating mutations.7 Similarly,
responses to combination therapy with zi-
dovudine and interferon-a are significantly
better in leukemic rather than nodal ATL.8,9

This work suggests that there may be a
rationale for targeting cases with CD28
fusions with an anti-CTLA4 antibody and/or
targeting its downstream effectors, such as
the phosphatidylinositol 3-kinase pathway.

Of course, these observations weremade
in a small number of cases, and it remains
unclear why these dual fusions were not
observed in a larger Japanese cohort,4,10

which also included a small number of
cases who presented at age ,50 years.
It is logical that these fusions should
be investigated systematically in cohorts
arising in the United States, South Amer-
ica, and Europe, where so-called young
ATL is frequently seen. Presumably be-
cause of the small number of cases here,
the age cutoff at 50 years is arbitrary, but
in a larger cohort, perhaps a true biological
entity may be defined. Understanding
these biological differences and how to
best select treatments and apply new
therapies will be crucial to improving sur-
vival outcomes.
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The Fox(o) and the HDAC
Daniela S. Krause | Goethe University

In this issue of Blood, Long et al1 describe a FOXO1/3-HDAC8-p53–mediated
pathway leading to resistance and persistence of FLT3-ITD1 acute myeloid
leukemia (AML) stem cells after FLT3-inhibition.

A fox, known for his cunning and wiliness,
frequently features in many fables by the
Greek slave Aesop and others. In the fable
“The Fox and the Hare,” the hare stares
at the fox expressing his wonder about
the fox’s insidiousness. The fox replies by
inviting the hare for dinner that evening,
so they may discuss the subject. The hare
accepts the invitation, but upon arrival at
the fox’s house realizes that only plates
and bowls were laid on the dining table,
but no food. The hare cries out what a
fool he has been to accept the invitation,
as he was meant to serve as dinner, and
runs away.

FOXO(e)s, transcription factors, which nor-
mally act as tumor suppressors,2 slyly may
also promote leukemogenesis.3 In fact, the
stem cell in AML features several cunning
fox(o)es, which lead to stem cell resistance
to standard chemotherapeutic regimen,
as well as their persistence. Modulations
of signaling pathways or autophagy, (over)
expression of certain proteins or enzymes
such as drug efflux pumps, topoisomerase
and others, gene alterations in genes,
such as Fms-like tyrosine kinase 3 (FLT3),
etc, microRNAs influencing cell damage,

cell cycle, or apoptosis, and cell death,4

immune evasion mechanisms or interac-
tions with the tumor microenvironment,5

may lead to resistance to chemotherapy.
However, various mechanisms of resis-
tance also occur in AML treated with tar-
geted therapies, such as tyrosine kinase
inhibitors (TKIs).

AML associated with internal tandem
duplications in FLT3 (FLT3-ITD1 AML)
affects approximately one-third of AML
patients, whereby FLT3-ITD portends a
poor prognosis, leading to increased risk of
relapse and inferior overall survival.6 The
advent of well-tolerated FLT3-targeting
TKI, however, has improved the out-
come of patients with FLT3-ITD1 AML,
when used in combination therapies, al-
though they do not eliminate leukemia
stem cells. In 2017, midostaurin, a multi-
kinase inhibitor, was approved for frontline
treatment of AML patients with mutations
of FLT3 in combination with standard
chemotherapy. Later, the FLT3 inhibitor
gilteritinib was approved, and quizartinib
is in clinical trial. However, resistance to
FLT3 inhibitors, especially when used as
monotherapy, seems to be the cause for the

unsatisfactory clinical response. Pre-
dominant mechanisms of resistance are
mutations in the activation loop or the
”gatekeeping domain” in the tyrosine
kinase domain of FLT3,7 activation of
prosurvival signaling pathways, but
mutations in other genes, such TET2 or
IDH1, have also been observed, par-
ticularly in patients treated with the
FLT3 inhibitor crenolanib.8 In addition,
the bone marrow microenvironment and
its production of FLT3 ligand or fibroblast
growth factor 2 has been implicated in
the resistance of FLT3-ITD1 AML cells to
FLT3 inhibitors.9

In this article by Long et al, the authors
unravel a novel pathway of resistance of
FLT3-ITD1AML cells to FLT3 inhibitors via
forkheadbox protein (FOXO1/3)-mediated
upregulation of histone deacetylase 8
(HDAC8). Upregulation of HDAC8 is
shown to inactivate the tumor suppres-
sor protein p53, thereby promoting the
persistence of FLT3-ITD1 AML cells in
the presence of an FLT3 inhibitor (see
figure).

Using 2 different cell lines with mutated
FLT3 and primary human AML cells, the
authors demonstrate that treatment with
quizartinib leads to upregulation ofHDAC8,
whose perturbed expression has previously
been associated with poor prognosis in
various cancers.10 HDACs, in general, reg-
ulate genome stability andgeneexpression
by the modification of histones and chro-
matin remodeling. Targeting of HDAC8 in
combination with FLT3 inhibitor therapy
increased thedeath of FLT3-ITD1AML cells
and prolonged survival in immunosup-
pressed nonobese diabetic/severe com-
bined immunodeficiencymice transplanted
with FLT3-mutated cell lines. Gene ex-
pression analysis of FLT3-mutated cells
treated with an HDAC inhibitor revealed
significant upregulation of the p53 path-
way. Conversely, depletion of p53 pre-
vented the apoptosis of FLT3-ITD1 AML
cells treated with the HDAC and/or FLT3
inhibitor. Hypothesizing that increased ex-
pression of HDAC8 was due to enhanced
transcription, the authors elegantly identi-
fied the role of the transcription factors
FOXO1/3 for the upregulation of HDAC8
and the promotion of resistance to FLT3
inhibitors. Targeting HDAC8 also activated
p53. In xenotransplantation studies with
human FLT3-ITD1 AML cells, the authors
confirmed that pharmacological targeting
of HDAC8 and FLT3 led to a superior
outcome comparedwith treatmentwith the
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