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Targeting mRNA translation
in CLL
Ralf Küppers | University of Duisburg-Essen

In this issue of Blood, Largeot et al1 show that flavagline FL3-mediated
inhibition of enhanced messenger RNA (mRNA) translation in chronic lym-
phocytic leukemia (CLL) cells has multiple effects, including blocking prolif-
eration, rewiring MYC-driven metabolism, and controlling CLL growth in a
murine model.
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CLL is the most frequent leukemia in
older people in the Western world. The
disease now may often be controlled for
years or sometimes may not even
require treatment for extended periods.
However, CLL still can not be cured, and
aggressive forms, such as a trans-
formation into a diffuse large B-cell
lymphoma (Richter transformation) or the
immunodeficiency caused by CLL, can
be rapidly life threatening. Thus, there is
a continuing search for cellular vulnera-
bilities that can be therapeutically
exploited. Largeot et al focused on the
prior observation that CLL cells have an
enhanced protein translation rate
compared with normal B cells2 and on
indications that inhibiting mRNA trans-
lation may be toxic for CLL cells.3 The
authors first validated an increased
translation rate in human CLL cells and
then showed that this is also a feature of
murine CLL cells in the TCL1-driven
murine CLL model. Triggering B-cell
receptor (BCR) or Toll-like receptor
pathways further increased translation in
CLL cells. A known translation inhibitor
and modifier, the synthetic flavagline
compound FL3, inhibited translation in
CLL cells. FL3 was active at a low con-
centration, at which most other immune
cells were not affected. Thus, CLL cells
seem particularly sensitive to translation
inhibition, opening a promising thera-
peutic window. Treatment of activated
CLL cells with FL3 modified several
pathways, including a reduction of MYC
activity. Importantly, FL3 treatment also
decreased proliferation of CLL cells,
rewired multiple metabolic pathways,
and induced apoptosis in these cells.
MYC seems to play a major role in the
metabolic rewiring, as direct MYC inhi-
bition showed similar effects as FL3
treatment. This may be linked to a pos-
itive feedback loop, as strong translation
initiation promotes MYC activity, and
MYC itself promotes translation.

The striking effects of FL3 on CLL cells
prompted the authors to investigate its
mechanism of action in more detail. An
unexpected finding from these studies
was that the primary effect of FL3 on its
prohibitin targets was not the known
impairment of the RAS/RAF pathway.
2

Rather, in CLL cells prohibitins bind
directly to the eukaryotic translation
initiation factor complex involving eIF4A,
eIF4G, and eIF4F, and this binding is
inhibited by FL3 (see figure). Thus, a
novel mechanism of FL3-mediated inhi-
bition of translation initiation was iden-
tified for CLL cells. The important role of
prohibitins for translation initiation in CLL
cells was confirmed by showing that
silencing of prohibitin expression had
similar inhibitory effects on translation as
FL3 treatment. Finally, in the CLL mouse

slowed CLL growth and prolonged sur-
vival of the mice. Notably, FL3 treatment
in this model not only inhibited trans-
lation in CLL cells (while not affecting
normal B cells) but also in regulatory
T cells, which also have a relatively high
translation rate. As regulatory T cells
promote CLL development,4 the addi-
tional effect of FL3 on these cells may be
of added value for FL3 treatment of CLL.

The obvious question is whether these
in vitro findings are relevant in vivo.
Indeed, most CLL proliferation takes
place in proliferation centers in lymph
nodes, where CLL cells are in contact
with T helper cells and presumably
receive autoantigen triggering of their
often autoreactive BCRs. In these prolif-
eration centers, a fraction of the CLL cells
shows MYC expression.5 Hence, FL3
may specifically target these prolifer-
ating and metabolically active tumor
cells, thereby attacking the root of CLL
tumor clone expansion.

Several aspects deserve further consid-
erations and study. First, CLL is presum-
ably derived from mature CD5+ B cells,
and MYC expression and activity were
reported for a subset of these normal
CD5+ B cells.6 Hence, a moderate pro-
pensity for increased translation may
already be an inherent property of the
normal counterparts of CLL cells. Sec-
ond, CLL is usually preceded by the
premalignant condition monoclonal
B-cell lymphocytosis, in which expand-
ing B-cell clones already carry genetic
lesions typical for CLL cells. It would be
interesting to know whether these pre-
malignant cells also already show
increased translation initiation and
metabolic rewiring. If this is the case,
would treatment with a translation initi-
ation inhibitor such as FL3 (assuming it
9 JUNE 2023 | VOLUME 141, NUMBER 26 3129
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Strong translation initiation in CLL cells

FL3-mediated translation inhibition in CLL cells
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Prohibitins directly binding to the eukaryotic translation initiation complex (shown here are the factors eIF4G and
eIF4F) promote strong translation initiation, which results in CLL cell proliferation, metabolic rewiring, MYC
activity, and other effects (not shown). FL3 directly binds to prohibitins, thereby replacing them from the trans-
lation initiation factors. As a consequence, translation initiation is reduced, causing reduced proliferation,
metabolic rewiring, and MYC activity in CLL cells.
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has minimal adverse effects) prevent
evolution to CLL? Third, there are 2
forms of CLL, 1 with mutated BCR vari-
able region genes and 1 with unmutated
BCR. The latter has an unfavorable clin-
ical behavior, and it shows stronger BCR
signaling upon activation and also
ZAP70-mediated MYC activation.7,8

Hence, are unmutated CLL cells more
vulnerable to translation inhibition than
BCR-mutated CLL, so that such a therapy
may be useful only for unmutated CLL?
Fourth, Richter transformation of CLL,
which has a particularly poor prognosis, is
often associated with genetic lesions of
MYC causing increased MYC activity.9

This points to an even more pronounced
translational dysregulation and metabolic
rewiring in this transformed form of CLL.
Even though translation inhibition with
FL3 alone is unlikely to control this
aggressive lymphoma, it is certainly
worthwhile to study whether Richter
transformation is particularly sensitive to
inhibition of translation. In that case, this
could become a valuable component of a
multimodality treatment of Richter
transformation.
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IL-34: a novel differentiation
therapy for AML?
Nainita Roy and Christopher Y. Park | New York University Grossman School
of Medicine

In this issue of Blood, Xie et al1 describe a novel role for interleukin 34 (IL-34)
in promoting hematopoietic progenitor and myeloid leukemia differentiation
by binding to a previously unrecognized receptor for IL-34, triggering
receptor expressed on myeloid cells 2 (TREM2).
Extending their prior observation that
osteoclast-specific deletion of tuberous
sclerosis 1 (Tsc1) results in increased
numbers of osteoclasts,2 the authors
evaluated the hematopoietic system and
observed increased granulocytic differ-
entiation and enhanced osteoclast pro-
duction of IL-34, a cytokine previously
shown to promote myeloid maturation.3

The authors investigated whether IL-34
may promote maturation of acute
myeloid leukemia (AML) blasts and
found that IL-34 induced differentiation
of human AML cell lines and primary
mouse and human blasts by binding to
TREM2 (see figure). In addition, AML
cells engrafted into osteoclast-specific
Tsc1-deleted mice resulted in reduced
disease aggressiveness. Impressively, IL-
34 treatment of mice engrafted with
primary human AML cells or human and
mouse AML cell lines resulted in
enhanced blast differentiation, reduced
disease burden, and improved survival.

Although IL-34 has been reported to bind
to receptors including colony stimulating
factor 1 receptor (CSF1R), protein tyrosine
phosphatase receptor type Z1 (PTPz), and
syndecan 1 (CD138), deletion of these
receptors did not attenuate the differenti-
ation activity of IL-34. Using a combination
of approaches, the authors identified
TREM2 as a novel receptor required for
IL-34’s differentiation activity and found
that IL-34 binding to TREM2 inhibits
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