Tumor-associated macrophages, other in-
flammatory cells, as well as plasma GPVI,
may also play important roles. Moreover,
platelet-derived permeability factors,
such as serotonin, vascular endothelial
growth factor, and angiopoietin-1, have
not yet been investigated in this con-
text.2 Dynamic studies of platelet and
leukocyte interactions with the vessel
wall in tumor models, coupled with anal-
ysis of soluble factors, will be essential to
elucidating the cellular and molecular
basis for intratumoral hemorrhage in-
duced by GPVI blockade.

Platelets influence solid cancer progres-
sion through many mechanisms, and
new roles for platelets are continually
emerging. A striking outcome of the study
from Volz et al is the provocative notion
that GPVI inhibition could have antican-
cer clinical utility by taking advantage of
several of these mechanisms. First, GPVI
inhibition caused tumor cell apoptosis
and reduced growth of solid tumors by
selectively driving intratumoral hemor-
rhage. Second, increased vascular per-
meability selectively in tumors potentiated
intratumoral accumulation of commonly
used cancer chemotherapeutics, both
paclitaxel and liposomal doxorubicin.
Third, GPVI depletion has been shown to
limit metastatic dissemination in some
ectopic tumor models in mice, although
metastasis was not tested in this study.™
Although it is established that GPVI
modulation blocks thrombosis but is per-
missive for hemostasis, GPVI blockade
also appears to have no effect on in-
tegrity of intact vessels. Together, these
properties of GPVI inhibition support an
attractive multifaceted approach to mul-
tistage cancer treatment, with potentially
limited side effects compared with cur-
rent antiplatelet therapeutic approaches.
However, inflammation may present
a substantial obstacle, because GPVI
inhibition may also drive hemorrhagic
responses at inflammatory sites other
than the targeted tumor tissue. Hence,
although GPVI blockade in combina-
tion with chemotherapeutic regimens
may help deliver the triple-play to
knock out malignancy, underlying in-
flammation may also be targeted with
potentially dangerous results. It will
be critical to determine whether effects
of GPVI targeting in solid tumors reflect
a common mechanism of increased
hemorrhage at inflammatory sites, or if
those effects are unique to the tumor
microenvironment.
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Comment on Streetley et al, page 2707

WPBs and a-granules: more
and more look-alike?

Harry F. G. Heijnen | University Medical Center Utrecht

In this issue of Blood, Streetley et al have used live-cell imaging and high-

resolution cryo—electron microscopy tomography to identify CD63* luminal

membrane vesicles in Weibel-Palade bodies (WPBs) in human umbilical vein

endothelial cells (HUVECs) and microvascular endothelial cells. In response to

an increase in intracellular calcium or cyclic adenosine monophosphate, these

membranes are released as so-called exosomes in a fashion similar to that

described for platelets and other cells. This is the first report of the presence

of intraluminal vesicles (ILVs) in WPBs and the regulated release of exosomes

from vasculature endothelial cells.’

WPBs in endothelial cells belong to the
group of lysosome-related organelles (LROs),
a heterogeneous group of organelles that
share features with lysosomes and se-
cretory granules.? LROs acquire cargo
and membrane components both from
the biosynthetic pathway and the endo-
lysosomal system. Formation of WPBs
starts at the trans-Golgi network (TGN)
and is mainly driven by the assembly of
von Willebrand factor (VWF) multimers
into tubules that shape the organelle into
an elongated structure. Other cargo mol-
ecules such as cytokines and the membrane
protein P-selectin are included during WPB
maturation. Additional components such as
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the tetraspanin protein CDé3 (also called
lysosomal-associated membrane protein 3
[LAMP3]) become incorporated at a later
stage.®> CD63 shares with LAMP1 and
LAMP2 a cytoplasmic Gly-Tyr motif,
which serves as a lysosomal-targeting
signal.* CDé3 is a well-established com-
ponent of the late endosomal and lyso-
somal system in many cells. Although
CDé3 is found in WPBs, the vast majority
of CD63 is present within the complex
network of internal membranes charac-
teristic of late endosomes. CD63 in WPBs
presumably derives from these endocytic
compartments.® Indeed, as shown by
Streetley et al in the present study,
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Weibel-Palade bodies and alpha granule. (A-B) Immunogold localization of CDé3 on WPBs. Arrowhead indicates a transport vesicle in close position to the WPB (WPB).
(C) Tomographic slice of vitrified platelet a-granule (o). Scale bars, 40 nm.

extracellular-added fluorescently tag-
ged antibodies directed against CD63
accumulate as discrete microdomains
in WPBs. The CDé3-enriched micro-
domains are frequently located at the
organelle’s periphery. To further ex-
plore the relevance of this finding, the
authors used high-resolution cryo-electron
tomography of whole-mount HUVECs,
vitrified by rapid-plunge freezing. From
volume reconstruction analysis, it appeared
that these microdomains represent ILVs.
The ILVs are topologically separated from
the WPB-limiting membrane, and the
presence of cytosolic structures such as
ribosomes and glycogen therein indicate
that the ILVs originate via inward budding
of the limiting membrane, a mechanism
that has been reported for multivesicular
bodies (MVBs). Whether the peripheral
location could also represent a prelude to a
protrusive-sorting activity at the WPB's
limiting membrane remains to be estab-
lished. Clathrin-dependent sorting is
mainly restricted to the immature TGN-
derived WPBs. Together, these findings
show that the CDé3-rich microdomains
in WPBs represent free ILVs, a feature
that has also been reported in platelet
a-granules.

An important question is how CD63 ends
up in the ILVs of WPBs. Membrane fusion
with MVBs is a possible mechanism for
the formation of WPB-ILVs; MVBs are
known to fuse with lysosomes and WPBs
have been shown in close apposition to
MVBs.5>¢ However, the absence of other
exosome markers argues against such a
mechanism. Although CDé63 is enriched
on ILVs, it is also found on the limiting
membrane of MVBs and WPBs (see fig-
ure panels A and B). Steady-state levels
of CD63 are present on the plasma

membrane and are probably maintained
by constitutive trafficking from the TGN
and recycling from endosomes. CD63
may be transferred via small transport
vesicles formed by endosomal membrane
budding.” The presence of CD63" trans-
port vesicles in close proximity of ma-
ture WPBs as shown in figure panel A
(arrowhead) supports such a pathway.
These transport vesicles contain AP3,
the adapter protein implicated in CDé3
delivery to WPBs.”

Platelet a-granules share several prop-
erties with endothelial WPBs. Both or-
ganelles belong to the group of LROs?;
are involved in hemostasis, inflammation,
and angiogenesis; and share crucial
proteins, including VWF and P-selectin.
Both organelles also harbor the endo/
lysosomal marker CD63. As in WPBs, multi-
meric VWF in a-granules is assembled in
distinct tubular structures and segregated
from other molecules at the organelle’s
periphery. The tight packing of VWF in
long, extended tubular structures is re-
sponsible for the tubular shape of WPBs.
In contrast, VWF tubules in a-granules are
shorter, occur far less frequently, and are
not tightly packed. The presence of
free ILVs enriched in CDé3, lacking other
tetraspanins such as CD9 and CD81, is an-
other common feature. As in many other
cells, CD63* ILVs in MVBs are enriched in
cholesterol .2 Yet, for unknown reasons,
unlike ILVs in a-granules, the ILVs in WPBs
appear to be cholesterol-poor.

Activated platelets secrete exosomes
through fusion of a-granules, the major
storage site of the adhesive glycopro-
teins VWF and fibrinogen, and MVBs with
the plasma membrane.? The presence of
tetraspanin proteins is a common feature

of cell-derived exosomes. They have
been implicated in adhesive as well as
costimulatory and signaling functions.
Such a role has been suggested in the
modulation of integrin affinity, which
could take place on the surface of en-
dothelial cells and activated platelets. In
a similar fashion, CD63 may play a role in
modulating P-selectin function toward
leukocytes.”® Besides common proper-
ties such as shared cargo, WPBs and
platelet a-granules also have structural
differences. Clathrin coats are restricted
to TGN-derived early WPBs, but are
abundant on mature platelet a-granules.
Clathrin on early WPBs and more gen-
erally on endosomal compartments re-
flect an active sorting activity away from
the organelle. Mature WPBs lacking
clathrin are stable with respect to their
content and apparently less dynamic
than the a-granules in platelets. Because
platelets are known to endocytose
plasma proteins, including fibrinogen,
an elegant concept could be that cla-
thrin coats on a-granules reflect the or-
ganelle’s capacity to recycle allb-B3
integrins for constitutive delivery of
plasma fibrinogen.

The precise extracellular role of WPB-
derived exosomes has yet to be de-
termined. In addition, it will be important
to know to what extent WPBs and MVBs
contribute to the total secretory exosome
pool, and if they have similar extracellular
functions. As WPB-derived exosomes
have a different lipid and protein com-
position, it will be interesting to isolate
them from the “releasate” of stimulated
endothelial cells.
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Comment on Sarasin et al, page 2718, and Douglas et al, page 2724

FouNdER mutations confer
risk for leukemias

Lucy A. Godley | The University of Chicago

In this issue of Blood, Sarasin et al’ and Douglas et al,? find that homozygous
germline founder mutations in genes encoding nucleotide excision repair
proteins confer risk for leukemias characterized by TP53 mutations (see

figure).

Defects in DNA damage repair have long
been known to confer risk for human
cancers. For example, Lynch syndrome
derives from gene mutations in genes
encoding DNA mismatch repair en-
zymes,® and individuals with hereditary
breast and ovarian syndrome have mu-
tations in BRCA1/2 and other genes
encoding associated DNA repair pro-
teins. BRCA1/2 are known within our field
as Fanconi anemia-like genes, whose
function is essential in the bone marrow.4*®
Other cancer syndromes arise from de-
fects in nucleotide excision repair (NER),”
including xeroderma pigmentosum (XP),
which consists of 8 autosomal recessive
forms (XP-A, XP-B, XP-C, XP-D, XP-E,
XP-F, XP-G, and XP-V), each having a
mutation in a component of the NER com-
plex (XPA, ERCC3, XPC, ERCC2, DDB2,

ERCC4, ERCC5, and POLH, respec-
tively). People with XP have an extreme
sensitivity to UV light, experiencing se-
vere sunburns with minutes of expo-
sure, dry skin (xeroderma), freckling
(pigmentosum), hearing loss, poor co-
ordination, loss of intellectual function,
seizures, and development of squamous
cell carcinomas and melanomas often
as early as 10 years old in sun-exposed
areas.

Soulier and colleagues have been following
a unique cohort of 142 consanguineous
families from Northern Africa, among
whom 161 individuals are homozygous
for a founder XP-Ce™6 mutation, which
causes complete absence of the XPC
protein." Among these homozygous XP-
C9eTG mutation carriers, these authors
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have identified 13 (8%) with myeloid
malignancies and T-cell acute lympho-
blastic leukemia in people aged 7 to
29 years, a frequency several-thousand-
fold greater than expected in France.
The myelodysplastic syndromes/acute
myeloid leukemias that developed in
these individuals commonly had com-
plex karyotypes, and TP53 mutations
were seen in all 5 cases for which so-
matic mutation data were available.
Given that myeloid malignancies have
not been described commonly in XP
patients with other mutations and this
founder mutation appears to be the
only shared mutation among these in-
dividuals, the authors surmise that this
susceptibility to hematopoietic malig-
nancies is particular to this particular
founder mutation.

The Finnish population also contains a
founder mutation of a gene encoding a
component of the transcription-coupled
NER pathway, ERCC6L2"4579IT_ This gene
had previously been identified as one
mutated as a germline allele in bone
marrow failure syndromes.®'° Wartiovaara-
Kautto and colleagues identified 8 in-
dividuals with homozygous ERCC6L2"4574eIr
mutations who developed erythroleukemias
with TP53 mutations or bone marrow
failure.2

Combined, these papers present a uni-
fying theme: mutations in NER lead to
TP53 mutations, which drive the devel-
opment of hematopoietic malignancies.
One might expect that any gene muta-
tion that results in problems with main-
taining DNA integrity will read out as a
leukemia-predisposing gene, given the
tremendous replicative output of the
bone marrow. Many inherited syndromes
have been defined through clinical
observations, but with molecular diag-
nostics, many of these syndromes are
now recognized as encompassing more
cancers than first defined. Witness ex-
pansion in understanding of BRCA1/2,
originally described as mutated in he-
reditary breast/ovarian cancer syndrome
but now understood to confer risk for a
variety of solid tumors, including gastric,
pancreatic, and prostate cancers and
now also hematopoietic malignancies.
By extension, one could imagine that we
will be able to identify inherited muta-
tions for each of the genes encoding
component of DNA repair pathways,
with accumulating evidence as pre-
sented here.’?

20 aunr g0 uo jsenb Aq Jpd'g.8006P00I0/9Z7.LGS L/YEIZ/ST/EE L/Pd-BloIE/POO|qABU SUOlEDlgNdys.//:dlY WOy papeojumog


https://doi.org/10.1182/blood-2019-02-900878
http://www.bloodjournal.org/content/133/25/2718
http://www.bloodjournal.org/content/133/25/2724
http://www.bloodjournal.org/content/133/25/2718
http://www.bloodjournal.org/content/133/25/2724

