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assays (ie, thrombin generation, or
thromboelastography) can add value to the
predictive model of early HD. Finally, the
evaluation of efﬁcacy and safety of new oral
anticoagulants and LMWHs in reducing HD
risk should be considered.
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may have altered the results of coagulation
parameters, which did not show signiﬁcant
associations with early HD. Furthermore,
the analysis of data from clinical trials, which
involve patient selection, may not be
generalizable to the entire APL population.
Despite these limitations, this is the largest data
set of patients and clinical outcomes in APL that
is available at this time. The clear-cut primary
end point of early HD in this study guarantees
the standardization and quality of data.
In conclusion, there is a need to identify
reliable risk factors of early HD in APL. The
study by Mantha and colleagues identiﬁes high
WBC count as an independent predictor of
HD, and supports the inclusion of performance
status in future risk proﬁles.
Future studies should identify
whether circulating plasma biomarkers of
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Toward autophagy-targeted
therapy
in lymphoma
----------------------------------------------------------------------------------------------------Lapo Alinari
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In this issue of Blood, Gayle et al provide evidence that apilimod, a potent and
selective phosphatidylinositol-3-phosphate 5 kinase (PIKfyve) inhibitor, induces
signiﬁcant cytotoxicity at clinically achievable concentrations in preclinical models
of B-cell non-Hodgkin lymphoma (NHL) via inhibition of the autophagy ﬂux and
perturbation of lysosome homeostasis.1
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A

utophagy is a highly conserved sequential
catabolic process that occurs at basal levels
in healthy cells and allows them to sequester
and degrade faulty proteins and damaged
constituents in autophagolysosomes.2
Degradation ultimately occurs by exposing
the cargo to the catalytic activity of lysosomal
proteases (cathepsins). Accumulating evidence
supports the role of enhanced autophagy
during the neoplastic transformation process,
as well as in the progression of already
established neoplasms, by promoting cell
survival under adverse conditions such as
hypoxia and nutrient deprivation through
the recycling of metabolic precursors and
elimination of cellular debris.3 In support of
the role of autophagy in cancer, genetic and
pharmacologic inhibition of this process
in different tumor types, including NHL,
promotes tumor cell death, suggesting that the
administration of autophagy inhibitors may

be beneﬁcial to cancer patients.4,5 Chloroquine
and hydroxychloroquine are 2 autophagy ﬂux
inhibitors tested in early phase clinical trials in
solid tumors and hematologic malignancies;
however, low potency and off-target effects
have limited their clinical development,
highlighting the need for more selective and
potent inhibitors of autophagy.6
PIKfyve is an endosomal lipid kinase
that phosphorylates P1(3)P to yield
phosphatidylinositol 3,5-bisphosphate (PI[3,5]P2).
PIKfyve-mediated PI(3,5)P2 signaling has
been shown to play a critical role in multiple
biological processes, including autophagy, by
regulating endosomal membrane trafﬁcking.7
Apilimod mesylate is an orally bioavailable
small molecule initially developed as an
interleukin-12 (IL-12) and IL-23 inhibitor
and evaluated in clinical trials in patients with
inﬂammatory diseases.8 In this issue of Blood,
Gayle et al identiﬁed apilimod among the

Schematic representation of the proposed mechanism of action. By binding to and inhibiting PIKfyve function, apilimod
blocks the formation of PI(3,5)P2 (1). Apilimod mediated-TFEB dephosphorylation promotes TFEB nuclear
translocation and transcription of its target gene, CLCN7 (2). In addition to CLCN7, OSTM1 and SNX10 are
2 other key genes upregulated with apilimod treatment. Both CLCN7 and OSTM1 encode anion exchange
transporters of pivotal importance for lysosome homeostasis, whereas SNX10 plays an important role in regulating
endolysosomal trafficking (3). Apilimod-mediated impairment of lysosomal homeostasis (upregulation of CLCN7,
OSTM1) in the setting of endolysosomal membrane traffic dysfunction (upregulation of SNX10) may induce tumor cell
stress, ultimately leading to lymphoma cell death. LC3, light chain 3; TFEB-p, transcription factor EB-phosphorylated;
TLR9, Toll-like receptor 9; V-ATPase, vacuolar-type H1 ATPase. Professional illustration by Somersault18:24.
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most potent drugs in a library of clinically
relevant compounds using a high-throughput
screening assay. After the initial screen, the
antiproliferative activity of apilimod was tested
in cell lines derived from different tumor types.
B-cell NHL cells were identiﬁed as the most
broadly sensitive. Interestingly, apilimod at low
nanomolar concentrations induced signiﬁcant
cell death in mantle cell lymphoma, germinal
center, activated B-cell, and myc-driven
diffuse large B-cell lymphomas (DLBCL).
Cytotoxic activity of apilimod appeared to be
selective against malignant B cells, as a variety
of normal cells including B cells and tissues
from healthy donors were highly resistant to
apilimod. Furthermore, apilimod showed
signiﬁcant antitumor activity in xenograft as
well as syngeneic mouse lymphoma models.
Using capture mass spectrometry and a genetic
approach, the authors showed PIKfyve to
be the critical target for apilimod-mediated
B-cell NHL cell death. Their data show that
treatment of lymphoma cell lines with apilimod
induces p62 and LC3-II accumulation that
is further increased by cotreatment with
rapamycin, an autophagy inducer, thus
suggesting blockage of the autophagy ﬂux.
Treatment with apilimod was associated with
enlargement of the lysosomal compartment and
increase of pro- (inactive) cathepsin levels
without lysosomal membrane permeabilization
and mature (active) cathepsin accumulation
in the cytosol, indicating a noncanonical
mechanism of cell death at the lysosomal level.
Interestingly, the authors showed that, as
a consequence of PIKfyve inhibition,
transcription factor EB (TFEB), which
is highly expressed in B-cell NHL cells,
was translocated to the nucleus in its
unphosphorylated/active form where it
promoted the transcription of its target gene
CLCN7. A genome-wide CRISPR screen
identiﬁed OSTM1 and SNX10 as key
genes involved in apilimod-mediated cell
death. Both CLCN7 and OSTM1 encode a
Cl2/H1 exchanger important for lysosomal
acidiﬁcation, whereas SNX10 plays an
important role in regulating endolysosomal
trafﬁcking. Consistent with the role of these
genes in apilimod-mediated cell death, CRISPR
knockout of TFEB, CLCN7, OSTM1, and
SNX10 conferred resistance to apilimod.
These results indicate that defects in the
acidiﬁcation of the lysosomal compartment
as well as impaired endolysosomal membrane
trafﬁcking are important in apilimod-mediated
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cell death via reduced degradation of the
lysosomal cargo (see ﬁgure).
Overall, apilimod is an exciting compound
that produces signiﬁcant lymphoma cell
death at clinically achievable concentrations.
Importantly, its safety and clinical activity are
now being evaluated in a phase 1 dose escalation
study in patients with relapsed/refractory
B-cell NHL (NCT02594384). Regardless,
several questions remain that will require
further investigation: (1) If this agent is shown to
be well tolerated, is there a role for combinations
of apilimod with chemotherapy in B-cell NHL?
It has been shown that autophagy-addicted
tumor cells are more susceptible to
chemotherapy and radiation when autophagy
is inhibited, providing rationale for such
combination studies. Interestingly, Gayle et al
report signiﬁcant activity of apilimod in mycdriven DLBCL cell lines. These preliminary
results cannot be directly translated to DLBCL
patients, of course, but are certainly intriguing
considering the particularly aggressive nature
and the poor prognosis associated with
myc-driven diseases. It is interesting to note that
myc overexpression via ampliﬁcation
or translocation induces cytoprotective
autophagy via the PERK/eIF2a/ATF4
pathway in lymphoma, and inhibition of
autophagy in the same model leads to mycdependent cell death.9 Although further studies
are warranted, the fact that myc-driven
lymphoma could potentially exploit this
pathway to escape stressful conditions provides
the rationale for a dual approach with apilimod
and chemotherapy speciﬁcally in myc-driven
lymphomas. (2) What is the effect of apilimod
on immune function? Although the authors
provide preliminary evidence showing lack of
apilimod cytotoxicity on a variety of normal cells
and tissues, no data are provided on the effect
of autophagy inhibition on the function of
immune cells. The role of autophagy in the
maintenance of normal stem cells, in the
activation and proliferation of B and T cells, and
in the function of antigen-presenting cells is well
documented. For example, tumor-bearing
autophagy-deﬁcient mice are unable to mount
an effective antitumor response due to the
inability to efﬁciently present tumor antigens
and to a defective T-cell–mediated antitumor
immune response.10 Although these aspects can
be preliminarily assessed in the phase 1 clinical
trial, additional studies will be required to
investigate how these concepts apply to patients
with cancer treated with autophagy inhibitors
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in the presence or absence of immunogenic
chemotherapy.
Conﬂict-of-interest disclosure: The author
declares no competing ﬁnancial interests. n
REFERENCES
1. Gayle S, Landrette S, Beeharry N, et al. Identiﬁcation
of apilimod as a ﬁrst-in-class PIKfyve kinase inhibitor
for treatment of B-cell non-Hodgkin lymphoma. Blood.
2017;129(13):1768-1778.
2. Choi AM, Ryter SW, Levine B. Autophagy in human
health and disease. N Engl J Med. 2013;368(7):651-662.
3. Levine B. Cell biology: autophagy and cancer. Nature.
2007;446(7137):745-747.
4. Amaravadi RK, Yu D, Lum JJ, et al. Autophagy
inhibition enhances therapy-induced apoptosis in a Mycinduced model of lymphoma. J Clin Invest. 2007;117(2):
326-336.

hydroxychloroquine and bortezomib in patients with
relapsed/refractory myeloma. Autophagy. 2014;10(8):
1380-1390.
7. Cai X, Xu Y, Kim YM, Loureiro J, Huang Q.
PIKfyve, a class III lipid kinase, is required for TLRinduced type I IFN production via modulation of ATF3.
J Immunol. 2014;192(7):3383-3389.
8. Krausz S, Boumans MJ, Gerlag DM, et al. Brief
report: a phase IIa, randomized, double-blind, placebocontrolled trial of apilimod mesylate, an interleukin-12/
interleukin-23 inhibitor, in patients with rheumatoid
arthritis. Arthritis Rheum. 2012;64(6):1750-1755.
9. Hart LS, Cunningham JT, Datta T, et al. ER
stress-mediated autophagy promotes Myc-dependent
transformation and tumor growth. J Clin Invest. 2012;
122(12):4621-4634.
10. Michaud M, Martins I, Sukkurwala AQ, et al.
Autophagy-dependent anticancer immune responses
induced by chemotherapeutic agents in mice. Science. 2011;
334(6062):1573-1577.

5. Alinari L, Mahoney E, Patton J, et al. FTY720
increases CD74 expression and sensitizes mantle cell
lymphoma cells to milatuzumab-mediated cell death.
Blood. 2011;118(26):6893-6903.

DOI 10.1182/blood-2017-02-764639

6. Vogl DT, Stadtmauer EA, Tan KS, et al. Combined
autophagy and proteasome inhibition: a phase 1 trial of

© 2017 by The American Society of Hematology

l l l THROMBOSIS AND HEMOSTASIS

Comment on Riedl et al, page 1831

Risking thromboembolism:
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In this issue of Blood, Riedl et al evaluate the link between tumor podoplanin
expression and the prothrombotic state inherent to glioma and ﬁnd that
podoplanin expression is associated with altered markers of coagulation activation
and an increased risk of venous thromboembolism.1

T

he care of patients with glioma is
frequently inﬂuenced by the development
of venous thromboembolism. After decades
of investigation, the mechanism by which
malignant brain tumors inﬂuence coagulation
remains speculative at best. In the 1970s, it was
theorized that thrombosis in brain tumors
was largely the result of spatial disruption
causing “a derangement of normal
hypothalamic control of anticoagulation.”2
Much attention has focused on the role of
tissue factor in mediating the hypercoagulable
state in glioma. Tissue factor is overexpressed
in glioma, but the association between tumor
expression or circulating activity and venous
thromboembolism in glioma is debated.3
Building on emerging data focusing on platelet
activation as central to cancer-associated

thrombosis, Riedl et al now provide evidence
that increased podoplanin expression in
glioma cells coincides with the development
of venous thromboembolism.
Podoplanin is a transmembrane
sialoglycoprotein expressed in normal
tissue, including lymphatic endothelial
cells, and is thought to play a critical role in
the embryonic division of lymphatic and
vascular systems.4 Aberrant expression
of podoplanin was initially identiﬁed in
a mouse colonic adenocarcinoma cell line and
later documented in a wide range of tumors,
including colon, lung, ovary, testicular
seminoma, and brain.5 Interestingly, the
initial description of podoplanin expression
in tumor cells was tied to its potential role
in mediating thrombosis in malignancy.5
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