
(rVV-HBZ) would elicit specific T-cell
responses and whether this vaccine could
be used to treat mice inoculated with HBZ
lymphoma cells. The HBZ sequence was
modified so that the protein could not activate
the transforming growth factor b/Smad
pathway. First, Sugata et al showed that
anti-HBZ cytotoxic T lymphocytes can
be obtained in vivo inmice (as well as in rhesus
macaques), although HBZ immunogenicity
is weak and requires several boosts.
Importantly, anti-HBZ CD81 produces
interferon gamma and tumor necrosis
factor a. These CD81 cells recognize and
kill mouse T cells pulsed with HBZ peptides
and mouse T cells transduced with an HBZ
expression vector. More interestingly, CD41

T cells isolated from HBZ-transgenic animals
were efficiently eliminated when transferred
to HBZ-vaccinated mice. Thus, rVV-HBZ
induces a cytotoxic response against cells that
express HBZ in vivo.

More importantly, Sugata et al1 showed
that adoptive transfer of splenocytes obtained
from rVV-HBZ–vaccinated mice significantly
improved the survival of animals inoculated
with transformed T cells that express only
HBZ, as do most ATL cells (see figure). This
indicates that rVV-HBZ elicits a T-cell
response that is sufficient to eliminate HBZ
lymphoma cells in vivo.

Finally, Sugata et al identified an HBZ
peptide (amino acids 157-176) that could be
used to generate a peptide-based vaccine.
Altogether, the results from Sugata et al are
important with respect to the generation of
an anti-ATL therapeutic vaccine. Now the
efficiency of the vaccine needs to be tested
against primary human ATL cells.
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Comment on Paggetti et al, page 1106

Exosomes and CAFs: partners in crime
-----------------------------------------------------------------------------------------------------

Benedetta Apollonio and Alan G. Ramsay KING’S COLLEGE LONDON

In this issue of Blood, Paggetti et al present novel findings that chronic
lymphocytic leukemia (CLL)-derived exosomes and their molecular cargo
are actively transferred to stromal cells that reside in the lymphoid tumor
microenvironment (TME), promoting the reprogramming of these cells into
cancer-associated fibroblasts (CAFs).1

CLL is characterized by an accumulation
of monoclonal CD51 mature B cells in

lymphoid tissues and the peripheral blood.
Clonal expansion and invasive migration
typically cause the lymph nodes and bone
marrow to become infiltrated with tumor.
Recent progress in understanding the genetic
landscape of lymphoid malignancies must
also be coupled with research on the TME.
Accumulating evidence is showing that
bidirectional communication between cancer
cells and their microenvironment is critical
for tumor growth, but also profoundly affects
therapeutic response. Malignant cells engage
in novel associations/interdependencies
with stromal cells including fibroblasts
(mesenchymal stem cells [MSCs]), endothelial
cells, and immune cells that provide crucial
contributions to the licensing of tumor
progression (survival, proliferation) and
immune evasion.2 Many of the examples
of heterotypic signaling studied to date
involve classical paracrine signaling loops of
cytokines or growth factors and their receptors.
Although these signaling mechanisms are key
mediators of cell-cell communication within
the TME, more recently, exosome shedding
has emerged as another mode of intercellular
signaling. Exosomes are nanometer-sized
endocytic vesicles manufactured within

multivesicular endosomes and released into
the extracellular compartment by many types
of cells. Their biogenesis/release is enhanced
when cells are stimulated—under stress or
in a diseased environment. Transfer of
exosomes and their cargo, which includes
proteins, messenger RNA, and microRNAs
(miRNAs), from cancer cells to other TME
cell types has been the subject of intense studies
in solid cancers,3 but understudied in
lymphoid neoplasia. In this work, Paggetti
et al1 provide comprehensive molecular
analysis of exosomes derived from CLL cells
and, in particular, functional data supporting
a novel capacity of these extracellular vesicles
to modulate the TME by reprogramming
previously healthy stromal cells into CAFs.

The study uses a robust protocol to isolate
exosomes from the supernatant of human
CLL cells (MEC1 and primary samples).
Elegant studies show that tumor-derived
exosomes are rapidly taken up by stromal
cells, including MSCs, endothelial cells,
and myeloid cells (but not CLL cells).
Interestingly, this later finding may contrast
with microvesicles, a different type of vesicle
arising from the outward budding of the
plasma membrane, with data suggesting
integration into CLL cells.4 Paggetti et al
show that active exosome intercellular
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transfer requires specific functional surface
proteins on exosomes (tetraspanins, integrins)
and the presence of heparan sulfate
proteoglycans on the surface of target cells
(that CLL cells lack). The authors perform
small RNA sequencing and mass spectrometry
analysis of CLL exosomes to reveal
predominantly regulatory RNAs,
miscellaneous RNAs, and mature miRNAs
enriched in CLL exosomes. Notably, some
of these miRNAs (miR-150 and miR-155)
were previously identified in circulating
miRNA5 and plasma-derived exosomes
from CLL patients.6 In addition, abundant
miRNAs (miR-21, miR-146a) have been
shown to regulate the induction of aberrant
stromal cells. Exosome miRNAs were
shown to transfer to MSCs and retain their
functional activity. The exosome proteome
was enriched in cell membrane, cytoskeletal,
antiapoptotic, and angiogenic proteins.

Similar to miRNAs, exosome proteins were
also transferred to recipient murine and
human stromal cells as exemplified by B-cell
marker CD20.

The authors then study the changes
induced in the target stromal cells. CLL
exosomes induced an inflammatory
phenotype in both MSC and endothelial
cells linked to activated nuclear factor
kB–dependent signaling. Gene expression
profiling of exosome-treated stromal cells
revealed transcriptional changes enriched for
an “inflammatory response” with significant
overlap to the hallmark proinflammatory gene
signature of activated CAFs.7 Proinflammatory
CAFs show increased expression of
molecular markers, including a-smooth
muscle actin (a-SMA).8 Paggetti et al
verified the presence of high numbers of
a-SMA–positive stromal cells in the
CLL-TME.9 Gene expression changes alter

the CAF secretome, and the authors’ study
reveals increased levels of tumor necrosis
factor family ligands (B-cell activating factor,
A proliferation-inducing ligand), pro-
inflammatory cytokines (eg, interleukin-6),
chemokines (eg, CCL2, CXCL16), and
proangiogenic factors (eg, hepatocyte growth
factor) in subverted stromal cells. Distinct
from normal tumor-suppressive stromal
cells, CAFs promote tumor progression,
angiogenesis, and dissemination through
paracrine cross-talk and remodeling of the
extracellular matrix. Functional data by
Paggetti et al show increased collagenase
activity, proliferation, and migration of
exosome-educated stromal cells that exhibited
striking cytoskeletal remodeling, stress fiber
formation, and a-SMA expression (absent
from healthy B cell–derived exosome-treated
stromal cells). In vivo matrigel plug assays
showed that CLL exosomes induce the

CLL-derived exosomes have a paracrine effect on stromal cells residing in the TME. The transfer of exosomal cargoes (miRNA and proteins) to target cells (bone marrow, BM-MSCs,

and endothelial cells) induces an inflammatory CAF phenotype in these cells that assume an aberrant stimulatory, protumoral role (increased angiogenesis, release of pro-survival

chemokines/cytokines). In parallel, CLL-derived exosomes can act as decoy receptors for rituximab, thus representing a potential drug escape mechanism in the TME. BM, bone

marrow; NK-kB, nuclear factor kB.
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formation of new blood vessels. Exosome-
educated stromal cells showed an enhanced
capacity to support CLL cell survival. Finally,
promotion of tumor growth/dissemination
was demonstrated using a cotransfer in vivo
model (CLL cells with exosomes). These
initial data demonstrate a protumorigenic
effect of CLL-derived exosomes when tumor
cells engage the microenvironment to
proliferate and promote angiogenesis. Taken
together, the authors conclude that CLL
exosomes actively promote disease progression
by subverting the function of stromal cells
that reside in the TME which acquire
features of proinflammatory CAFs (see figure).
Clearly, future studies will need to examine
the coevolution of tumor cells and the
reprogrammed stroma including characterizing
the role CAFs play in regulating cancer
hallmark capabilities.

This work by Paggetti et al establishes the
tumorigenic importance of CLL-derived
exosomes, including the transfer of their
molecular cargo to other TME cells. This
contributes to increasing evidence that the
ability of tumor cells to induce CAFs is
a universal feature of progression in both solid8

and blood7,10 cancers. These data also
provide incentive for detailed mechanistic
investigation of the role exosomes play
in pathogenic signaling processes6 and
regulating the understudied CLL-TME.
Examining the contribution of exosomes
and their content in predicting response
(biomarkers) to different therapeutic agents
including newly targeted kinase inhibitors
will be of interest. Paggetti et al show that
CLL-derived exosomes act as decoys for the
therapeutic antibody rituximab (anti-CD20)
that highlights a potential drug escape
mechanism in the TME. Continued research
on TME regulation of tumor progression will
provide insight into disease pathogenesis and
also the exciting prospect of identifying novel
targeted therapies designed to re‐educate the
TME to have antitumorigenic effects.
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8. Öhlund D, Elyada E, Tuveson D. Fibroblast
heterogeneity in the cancer wound. J Exp Med. 2014;
211(8):1503-1523.

9. Ruan J, Hyjek E, Kermani P, et al. Magnitude of
stromal hemangiogenesis correlates with histologic subtype
of non-Hodgkin’s lymphoma. Clin Cancer Res. 2006;12(19):
5622-5631.

10. Frassanito MA, Rao L, Moschetta M, et al. Bone
marrow fibroblasts parallel multiple myeloma progression
in patients and mice: in vitro and in vivo studies. Leukemia.
2014;28(4):904-916.

DOI 10.1182/blood-2015-07-655233

© 2015 by The American Society of Hematology

l l l PLATELETS AND THROMBOPOIESIS

Comment on Valet et al, page 1128

Membrane grease eases
platelet maturation
-----------------------------------------------------------------------------------------------------

Sang H. Min and Charles S. Abrams UNIVERSITY OF PENNSYLVANIA

In this issue of Blood, Valet et al1 report a novel regulatory role of class II
phosphoinositide 3-kinase (PI3K)-C2a in the morphology and remodeling of
platelet membranes and its implications in platelet maturation and arterial
thrombosis.

In 1906, James Homer Wright first
postulated that platelets are produced in

the bone marrow from megakaryocytes.2 Our
megakaryocytes collectively generate and
release ;1 million platelets per second (10
billion platelets per day) into the bloodstream
through a sequence of remodeling events.
Megakaryocytes first undergo a series of
maturation processes whereby they increase
their overall size as they develop highly
tortuous membrane invaginations that are
called the invaginated membrane system
(previously known as the demarcation
membrane system).3 Megakaryocytes use this
extensive membrane reservoir to form long
and thin cytoplasmic extensions to produce
intermediate platelet structures called
proplatelets.4 Once released into the
bloodstream, proplatelets undergo further
remodeling steps that allow membrane
fragmentation and generation of mature
platelets. Proplatelet formation and maturation
are heavily dependent on the membrane and
cytoplasmic skeletal machinery, which include
microtubule, actin, and spectrin.5,6 Although

microtubules and actin function as engines
to power platelet formation and elongation,
spectrin is necessary for the ultimate shape
changes that occur when proplatelets mature

Membrane remodeling by class II PI3K-C2a is essential

for platelet maturation. Megakaryocytes initiate platelet

production by extending and releasing intermediate plate-

let structures called proplatelets into the bloodstream.

Released proplatelets undergo a series of remodeling

steps to generate mature platelets. Valet et al show that

PI3K-C2a generates a distinct pool of PI3P in resting

platelets that may modulate membrane elasticity and re-

modeling by reorganizing membrane skeletal proteins such

as spectrin.
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