
ciloleucel) is nearly equivalent to ASCT.
There are some obvious explanations for
these differing results. First, the ZUMA7
and TRANSFORM prospective trials
included only patients at highest risk of
chemorefractoriness, whereas Shadman
et al included only those who had dem-
onstrated chemosensitivity during sal-
vage treatment. Second, this was a
retrospective analysis, with well-
established caveats such as matching
groups for degree of chemorefractori-
ness, which were different in this report.
Specifically, differing numbers of prior
lines of therapy (median, 3 vs 2 for CAR
T cells compared with ASCT) and burden
of disease at the time of treatment (41%
vs 29% with lesions .5 cm for CAR T
cells compared with ASCT) could indicate
that CAR T-cell recipients were more che-
morefractory. Notably, Shadman et al
astutely recognized these potential con-
founders and made every possible effort
to match for these characteristics by
matching disease burden, matching for
the median number of prior lines of ther-
apy, and performing a propensity risk
score–matched analyses, and they still
demonstrate that ASCT is equivalent to
CAR T cells for DLBCL in PR after chemo-
therapy. Finally, another interpretation
of the differences noted here is that
the potency of CAR T cells could be
enhanced if generated from patients
earlier in their treatment course. In
ZUMA7 and TRANSFORM, CAR T-cell
products were made after just 1 line
of therapy, in contrast to $2 in this
CIBMTR report; thus, the products
had fitter starting material. Additional
studies will be needed to explore this
possibility.

As CAR T cells are now poised to over-
take salvage chemotherapy and ASCT in
the second-line setting, at least for those
with chemorefractory disease, this timely
report from Shadman et al argues for
maintaining the standard approach for
those with chemosensitive DLBCL. Thus,
patients and their physicians could have
the welcome problem of cell therapy
options to choose from. In conclusion,
both curative cellular therapies with dis-
tinct mechanisms of action are likely to
coexist as options for DLBCL. Future
research will focus on refinement of their
indications.
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Comment on Goswami et al page 1340

PP2A activation targets
AML stem cells
Nicole M. Verrills | University of Newcastle and Hunter Medical Research
Institute

In this issue of Blood, Goswami et al1 report a new role for the tumor
suppressor protein phosphatase 2A (PP2A) in regulating differentiation and
growth arrest in acute myeloid leukemia (AML). This finding is important as
PP2A inhibition is common in AML, yet how PP2A inhibition contributes to
AML pathogenesis is not well defined. Importantly, several PP2A activating
drugs are in development, and this study highlights the therapeutic potential
of one of these, OSU-2S, revealing inhibition of leukemic-initiating cells and
induction of terminal differentiation (see figure).

PP2A is a family of serine/threonine
phosphatases that negatively regulate
numerous oncogenic signaling path-
ways and often function as tumor sup-
pressors. While inactivated in many
cancers, PP2A is rarely mutated and
thus is an attractive target of small mol-
ecule activators.2 PP2A is a multimeric
enzyme composed of a catalytic subunit
(C), a structural subunit (A), and a vari-
able regulatory subunit (B), of which
there are 4 different families, each with
several isoforms. The association of a
particular B subunit with the core AC
dimer introduces substrate specificity
and subcellular targeting of PP2A

activity. PP2A activity is further regu-
lated by post-translational modifications
and by endogenous inhibitory proteins
such as SET, CIP2A, SETBP1, and
SBDS, which are often overexpressed in
cancers, including AML.2,3

PP2A activity is frequently reduced in
myeloid leukemias. In AML, this is often
associated with oncogenic mutations in
receptor tyrosine kinases FLT3 and cKIT,
where low PP2A activity enhances the
activation of FLT3- and cKIT-mediated
signaling pathways and is essential for
leukemia cell growth and survival.4-7 Gos-
wami et al1 now demonstrate that PP2A
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inhibition is also essential for AML stem
cell survival and is a key mediator of
myeloid differentiation, with PP2A inhi-
bition contributing to the characteristic
differentiation block observed in AML.

The authors investigated the effects of
pharmacological PP2A activation in
AML cell lines, primary AML patient
samples, and mouse models. There
are 2 distinct classes of small molecule
PP2A activators: sphingosine analogs,
which activate PP2A by displacing
PP2A inhibitory proteins; and tricyclic
sulfonamides (or small molecule activa-
tors of PP2A [SMAPs]), which allosteri-
cally activate PP2A. The sphingosine
analogs are derivatives of FTY720,
which shows efficacy in preclinical can-
cer studies, including in AML. How-
ever, FTY720 is immunosuppressive on
account of its phosphorylation by
sphingosine kinase, binding to sphin-
gosine 1-phosphate receptors, and
inhibition of lymphocyte trafficking.
Thus, sphingosine analogs that cannot
be phosphorylated, such as OSU-2S,1

AAL(S),6 or CM-1231,8 are preferred
compounds for clinical development. A
key feature of pharmacological PP2A
activation is the simultaneous inhibition
of multiple kinase pathways such as

PI3K and MAPK pathways; inhibition of
transcription factors and oncogenic effec-
tors such as MYC and RNAPII; and inhibi-
tion of antiapoptotic regulators such as
BCL2 and MCL1. These multiple attrib-
utes may prevent or overcome treatment
resistance that is commonly observed in
targeted kinase inhibitor therapy.9 Gos-
wami’s1 finding that pharmacological
activation of PP2A drives maturation of
AML cells and inhibits leukemia-initiating
stem cells provides strong support
for the clinical development of these
compounds.

Goswami et al1 focus on OSU-2S, which
they show activates PP2A by disrupting
the association of PP2A with the inhibi-
tory protein SET. OSU-2S was cytotoxic
to AML cell lines and primary AML cells
both in monoculture and when cocul-
tured with bone marrow (BM) stromal
cells, which is important as the BM micro-
environment often protects AML cells
from therapeutic targeting. FLT3- and
cKIT-mutant AML has previously been
shown to be sensitive to PP2A activa-
tors.4–6 Excitingly here, however, there
was no clear association of OSU-2S sensi-
tivity with mutations or FAB subtypes,
suggesting a broad applicability for this
approach in AML therapy.

Mechanistically, the OSU-2S-induced dif-
ferentiation was blocked by molecular
knockdown of PP2A catalytic subunit or
the B56a regulatory subunit, suggesting a
specific role for B56a. Differentiation was
accompanied by cell cycle arrest at
S-phase entry, reduced c-Myc protein
expression, induction of p21, and dephos-
phorylation of the cell cycle mediator, reti-
noblastoma protein (Rb). Importantly, p21
knockdown rescued the OSU-2S-induced
dephosphorylation of Rb, differentiation,
and cell death; while overexpression of
c-Myc rescued the OSU-2S-mediated
induction of p21, cell death, and differen-
tiation (see figure). Together this suggests
that PP2A-mediated p21 upregulation
is dependent on c-Myc downregulation.
Targeting c-Myc has remained an elusive
goal in anticancer therapy, but degrada-
tion of c-Myc induced by PP2A activators
is an attractive approach to achieve this.

The antileukemic and differentiation-
inducing effects of PP2A activation were
confirmed in vivo. OSU-2S treatment
increased survival and drove leukemic cell
maturation in mice bearing MV4-11
xenografts and in an immunocompetent
mouse model incorporating adoptive
transfer of leukemic cells from Tet22/2Fl-
t3ITD mice. Finally, OSU-2S was shown to
inhibit human AML stem cells. Impor-
tantly, normal HSPCs were �7-fold less
sensitive to OSU-2S, and there was no
effect on normal immune cell reconstitu-
tion in mice, providing a therapeutic win-
dow for the approach.

An important aspect of this study to be
commended was the analysis of multiple
different PP2A complexes. Most studies
measure PP2A activity by coimmunopreci-
pitation using an antibody targeted to the
catalytic subunit. However, this approach
favors isolation of B’’’ (striatin)-containing
PP2A complexes over others.10 Using this
assay, Goswami et al demonstrated
robust OSU-2S-induced PP2A activation
and displacement of SET. They further
coimmunoprecipitated for B55a and
B56a PP2A complexes, and importantly
showed that the phosphatase activity
of both complexes was increased by
OSU-2S. SET is known to interact with
B56 complexes; thus the increased activ-
ity in these complexes is likely mediated
by SET displacement. Whether the
increased activity of B55a complexes is
also mediated by SET displacement, or
other PP2A inhibitory proteins such as
SBDS,3 remains to be determined.

SET

PP2A PP2A

OSU-2S

Acute myeloid leukemia stem cell

Proliferation
& survival

Differentiation

AML stem cell. OSU-2S binds to SET (PDB: 2E50), displacing it from the protein phosphatase 2A (PP2A)
heterotrimer (PDB: 2IAE), thus increasing phosphatase activity. In AML stem cells, activated PP2A results in
reduced expression of cMYC and subsequent induction of p21, leading to inhibition of leukemia-initiating cell
proliferation and survival and terminal myeloid differentiation.
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Nonetheless, the activation of multiple
PP2A complexes bodes well for the thera-
peutic efficacy of the sphingosine
analogs.

While PP2A activation has been pro-
posed as a therapeutic option for a
range of cancers with inactivated PP2A,
clinical trials have yet to eventuate. The
demonstration that a nonphosphorylat-
able sphingosine analog, OSU-2S, is
effective at eradiating AML stem cells
while sparing normal immune cells is
highly encouraging for clinical translation,
and human trials are eagerly awaited.
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THROMBOSIS AND HEMOSTASIS

Comment on Hur et al, page 1374

Fibrinogen levels and
thrombosis prevention
C�edric Duval | University of Leeds

In this issue of Blood, Hur et al1 expand our understanding of
hypodysfibrinogenemia, where a naturally occurring variant (fibrinogen
Otago) exhibits normal hemostatic and antimicrobial functions, while
protecting against thrombosis, in mice (see figure).

Congenital hypodysfibrinogenemia is char-
acterized by reduced plasma levels of
fibrinogen alongside altered function,
mostly caused by mutations in the fibrino-
gen Aa chain.2 However, the mechanisms
underpinning the reduced circulating fib-
rinogen levels, and the relevance of
inherent effects of the mutation vs those
of the reduced fibrinogen levels on the
hemostatic/thrombotic balance, are still
unknown.

On one hand, afibrinogenemia (no circu-
lating fibrinogen) is associated with
severe spontaneous bleeding from all tis-
sues, ranging from umbilical cord to the
central nervous system, with potentially
fatal intracranial hemorrhage, although
hypofibrinogenemia (low levels of circu-
lating fibrinogen) is usually asymptom-
atic in its mild and moderate forms, with
virtually no unprovoked bleeding and
normal pregnancy.2 On the other hand,

dysfibrinogenemia (abnormal form of
circulating fibrinogen), although mostly
asymptomatic, presents with risks of
developing major bleeding and/or car-
diovascular events.3 The question re-
mains as to whether levels of circulating
fibrinogen are a driving force to several
pathological conditions. In contrast to
afibrinogenemia and hypofibrinogene-
mia exhibiting bleeding tendencies, ele-
vated circulating fibrinogen levels are
associated with increased risk of cardio-
vascular disease, such as coronary heart
disease and stroke.4 Paradoxically, afi-
brinogenemic patients2 and fibrinogen-
deficient mice5 present with an
increased risk of thromboembolism,
attributed to embolization of unstable
platelet clots not stabilized by fibrin.

In their article, Hur and colleagues dem-
onstrate that reduction of fibrinogen
level to �10% of normal circulating levels
is sufficient to maintain hemostasis and
resistance to infection, while convincingly
reducing thrombosis (see figure).

First, the authors describe a transgenic
mouse strain (Fga270) replicating a natu-
rally occurring mutation (Otago, fibrino-
gen Aa chain [Fga] truncation at residue
271), to unravel the mechanisms by
which mutations to the fibrinogen Aa
chain lead to reduced circulating plasma
levels. The Fga270 phenotype is similar to
that of human hypodysfibrinogenemia
and provides the first concrete evidence
that nonsense-mediated decay is respon-
sible for decreased levels of protein
expression, because treatment of Fga270

hepatocytes with cycloheximide increas-
ed Fga messenger RNA levels.

Next, the authors showed that small
interfering RNA (siRNA) injection in wild-
type mice (Fga10%) reduced circulating
levels of normal fibrinogen to that of
Fga270 mice (�10%), therefore allowing
to dissect the impact of low level, vs
mutant form, of fibrinogen on the hemo-
static/thrombotic balance. Here, low
levels of fibrinogen, with(out) Fga muta-
tions, was sufficient to sustain a normal
bleeding phenotype, despite Fga270

mice forming clots that are less dense
with thicker fibers, with both Fga270 and
Fga10% plasma exhibiting impaired clot-
ability. To explain this discrepancy, some
compensatory mechanisms were pro-
posed, where fibrinolysis was reduced in
abnormal Fga270 plasma clots, because
of the loss of the Aa271-610 region,
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