
the same direction with a similar log fold
change.8 As both CXCR4 mutations and
chr6q deletions are thought to be events
occurring after the acquisition ofMYD88,
this shared signaling suggests a common
path in the evolution to symptomaticWM,
and possibly one that might be exploited
therapeutically.

Although the findings by Roos-Weil et al
provide great insights into the epige-
nome of WM, they also contribute to our
understanding of the topography of the
WM genome. The root cause of meth-
ylation differences within WM remains to
be discerned and represents a critical
research question relevant to not only
WM pathogenesis but also therapeutic
targeting. Transgenic modeling has
revealed that methyltransferases such
as DNMT3A/B impact B-cell activation,
plasmacytic differentiation, and humoral
immunity.10 Other contributors worthy of
investigation include regulators of his-
tone methylation such as KMT2A, KMT2D,
and KDM6A that are frequently mutated
in WM.2

In summary, Roos-Weil and colleagues
have added a third dimension to our
understanding of WM genomics, com-
plementing revelations in the transcriptome
and genome of WM, and allowing us
to demarcate WM based on a spectrum
of lymphoplasmacytic differentiation (see
figure).
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Comment on Aprile et al, page 610

Targeting the bone marrow
niche in hemoglobinopathies
Nadia Carlesso | Beckman Research Institute of City of Hope

In this issue of Blood, Aprile and colleagues demonstrate that in b-thalassemia
hematopoietic stem cells (HSCs) are impaired due to defective interaction
with the bone marrow microenvironment (BME), a defect that can be rescued
by administration of parathyroid hormone (PTH).1

This study illuminates the fact that
b-thalassemia not only impairs red cell
production but also affects global bone
marrow (BM) homeostasis, including HSCs
and their BM niche, a concept likely rele-
vant to other hemoglobinopathies.

In the genetic disorder b-thalassemia, lack
of b-globin synthesis results in peripheral
hemolysis, anemia, and ineffective eryth-
ropoiesis. The severe form of this disease,
b-thalassemia major, requires lifelong
transfusions and iron chelation therapy. A
major consequence of the disease and
treatment is iron overload, which inflicts
chronic oxidative organ damage over time,
reducing life span.2 Sickle cell disease is
another severe hemoglobinopathy resulting
from defective b-globin production. It is
characterized by anemia and vasoocclusive
crises, which cause ischemic and oxidative
organ damage and decrease life span.2

Despite differences in etiology, the se-
quelae of altered erythropoiesis in both
diseases inflict chronic and systemic in-
jury to all organs, including the BM.

For b-thalassemia major and severe
sickle cell disease, hematopoietic cell

transplantation (HCT) from anHLA-identical
sibling donor is currently the only curative
therapeutic option.3 However, few patients
have potentially HLA-matched siblings;
the incidence of graft failure in the
haploidentical setting remains high, and
the risk of graft-versus-host-disease is
considerable in HLA-matched unrelated
HCT.3 Gene therapy via engineering
autologous hematopoietic stem/progenitor
cells with corrective approaches has signif-
icant potential for a cure, and clinical safety
and efficacy trials are ongoing in both dis-
eases.4 However, significant challenges
persist, including preserving the fitness of
HSCs for gene modification in patients
with severe disease, mobilizing enough
HSCs, and maintaining engraftment in a
BM niche exposed to recurrent injury.
Although the BM is the organ targeted
for a cure, little is currently known about
how the cumulative effects of hemolysis,
iron accumulation, and inflammatory
signals caused by these hemoglobin-
opathies damage the BME and impair
HSC functions.

In this elegant study, Aprile and colleagues
are the first to test whether b-thalassemia
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affects HSC function. Using amousemodel
of b-thalassemia that recapitulates features
of b-thalassemia major in patients, the
group made some important discoveries.
They observed that b-thalassemic mice
have decreased numbers of HSCs, which
are characterized by decreased quiescence
and increased stress responses. In key
transplant experiments, the authors show
that b-thalassemic HSCs exhibit also im-
paired functions, such as repopulating
ability and stem cell self-renewal, when
transplanted into b-thalassemic recipients.
However, these defects are rescued when
b-thalassemic HSCs are transplanted into
control recipients. This suggests that HSC
dysfunction in b-thalassemic mice is not
intrinsic and is reversible, and that, al-
though perpetuated by a b-thalassemic
BME, it can be rescued by interaction
with a healthy BME. The authors also
show that b-thalassemic mice exhibit an
altered BME, characterized by reduced
bone mass, decreased osteoblast (OB)
anabolism, and low levels of PTH, similar
to observations made in b-thalassemic
patients.2,5 Premised upon the known
role of PTH and the OB niche in main-
taining HSC function,6 the authors focus
their studies on OBs and mesenchymal
stemcells (MSCs) in theBMofb-thalassemic
mice and demonstrate lower levels of
osteopontin (OPN) and of the Notch

ligand Jagged1 (J1), both known regu-
lators of HSC quiescence and stemness.7

The authors propose a working model
in which low expression of PTH in
b-thalassemia impairs bone homeostasis,
resulting in decreased expression ofOPN
and J1 by OBs and consequent loss of
quiescence and impairment of Notch
signaling in HSCs. As proof of concept,
they administer PTH to b-thalassemic mice
anddemonstratea remarkablenormalization
of bone density, which is associated with
increased OPN and J1 expression in the
BME and with restoration of HSC function.

A critical aspect of this work is that Aprile
and colleagues validate their findings in
patients’ samples and link HSC and bone
alterations to PTH, the levels of which are
lower in b-thalassemia patients com-
pared with healthy individuals.2,5 They
are the first to document molecular
changes and cell-cycle alterations in
HSCs from b-thalassemia patients, which
they correlate with a BM niche marked by
decreasedOB function and lowOPN and
J1 expression. Although the analysis is
conducted in a small number of patients,
the data are consistent and pose a prom-
isingplatform for futuremechanistic studies
of HSC function and their defective inter-
action with the BM niche in a larger pool of
patients.

It is interesting thatOPNand J1/Notch are
the main molecules significantly altered in
the authors’ analysis. Not surprisingly,
these molecules are directly regulated by
PTH in OBs.6 OPN is a robust promoter
of HSC quiescence7 and Notch signaling
regulates HSC responses during stress
hematopoiesis.8 Although the role of
Notch in HSC homeostasis is still contro-
versial, this study opens the interesting
possibility that J1/Notch interaction has
an underestimated regulatory function in
BM stress induced by hemoglobinopa-
thies. However, it is also important to
consider that the global impact of PTH on
OB anabolism is likely to be most relevant
in the reestablishment of BM homeostasis
and rescue of HSCs, due to the collective
contributions of other molecules provided
by OBs to HSCs.6 Furthermore, previous
work by this group identified defective
MSCs in the BME of b-thalassemic pa-
tients due to iron overload,9 providing
additional mechanisms accounting for
overall BME dysfunction.

The marked positive effect of PTH on
normalizing BM function in b-thalassemic
mice, as seen in this study, holds the
promise that PTH administration could
help restore damaged BME/HSC inter-
actions in b-thalassemic patients to im-
prove current therapeutic strategies. This
could include treatment with PTH before
HSC harvest and before HCT to correct
the BME, protect HSC function, and im-
prove engraftment (see figure). After an
initial enthusiasm for using PTH to stim-
ulate HSCs and increase their engraft-
ment upon transplantation, subsequent
studies have been disappointing.10

However, the patients treated were a
heterogeneous group; specific targeting
of the b-thalassemic BM niche by PTH
may be beneficial and successful, as
these patients exhibit suboptimal PTH
levels and altered bone homeostasis. A
critical point will be to determine whether
HSC dysfunction in humans is reversible
as observed in the mouse model, given
that years of HSC exposure to cumulative
damage in the BME of patients may not
be accurately reflected by weeks/months
of HSC exposure to damaged BME in
mice.

This work opens up new questions, and it
is clear that a deeper understanding of
HSC biology and the status of the BM
niche and its components in these he-
moglobinopathies is essential for the
development of curative approaches,

HSC
PTH
other niche “boosters”

Donor
HSC

HSC

or

Autologous
HCT

Allogeneic
HCT

Gene therapy

Bone marrow
microenvironment 

Protecting the seed, fertilizing the soil. Administration of PTH, or other “niche” boosters, may restore altered BM
homeostasis in b-thalassemia patients resulting in more “fitted” HSC for gene therapy and a more permissive BM
niche for engraftment of donor cells. Design elements were obtained from Smart Servier Medical Art (https://
smart.servier.com/) and modified as needed. The bone marrowmicroenvironment snapshot is an image generated
by the author.
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both for improving the success of allo-
geneic HCT and for effective translation
of promising gene-correction strategies
in autologous HCT. Aprile and col-
leagues bring new insights on the BME in
b-thalassemia and advance the novel
concept of targeting the BM niche to
improve treatment outcomes in these
diseases.

The journey has just begun.
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Why vessels do not leak when
leukocytes migrate out
Jaap D. van Buul | Sanquin Research and Landsteiner Laboratory

Local inflammation is characterized by leukocytes that migrate out of the
circulation by penetrating the vascular endothelial lining. It is remarkable that
during this event, there is hardly any leakage. How does the endothelium
manage to maintain its integrity while numerous leukocytes penetrate? That
is one of the key questions in the field of inflammation, and in this issue of
Blood, Braun and colleagues may have provided the answer.1

The authors show that platelets are es-
sential for closing the endothelial gaps
that are induced by the transmigrating
neutrophils. This dynamic interplay be-
tween platelets and the endothelium
depends on endothelial-derived von
Willebrand factor acting as a glue for the
platelets to bind to the endothelium. As a
result, platelets release angiopoietin-1,
which then binds to its receptor Tie-2 on the
endothelium. This triggers an intracellular

response from theendothelium consisting of
actin remodeling and lateral protrusions
that close the gap once the neutrophil
has crossed (see figure).

For years, researchers argued that when
leukocytes cross the vessel wall under
normal inflammatory conditions, perme-
ability is simultaneously increased. How-
ever, elegant work from the laboratory of
Baluk et al2 in the 1990s using electron

microscopy on in vivo lung tissues showed
that the locations where these 2 events
take place differ. By using biotinylated
lectins or silver nitrate to stain endothelial
cells in situ andMonastral blue as a tracer
to quantify plasma leakage, those studies
showed that most of the leakage oc-
curred in post capillary venules (,40 mm
diameter), whereas most of the leukocyte
migration (predominantly neutrophils)
occurred in collecting venules, with the
notion that capillaries and arterioles did
not leak. Additional studies complemented
those findings by showing that vascular
permeability required actomyosin-related
tension, whereas neutrophil transmigra-
tion was independent of such triggers.3

Moreover, permeability-inducing factors
such as histamine along with VEGF and
leukocyte transmigration could trigger
the phosphorylation levels of the endo-
thelial cell-cell junction molecule vascular
endothelial cadherin (VE-cadherin).4 But
those events induced the phosphoryla-
tion of different tyrosine residues on VE-
cadherin, suggesting that both processes
mediated the opening of endothelial
junctions in different ways.

The outstanding question is How does
the endothelium close the gap, once a
leukocyte has passed? Heemskerk et al
identified the mechanism responsible for
this, and it includes local activation of
RhoA, a small RhoGTPase.5 They showed
that the endothelium, in response to the
transmigrating leukocyte, induces a RhoA-
mediated F-actin–rich ring around a leu-
kocyte once it transmigrates through
the endothelial barrier.5 This actin ring
functions as an elastic strap that tightly
seals the endothelial membrane around
the transmigrating leukocyte and thereby
limits local vascular leakage during trans-
migration. Although ICAM-1 signaling
was implicated in this pathway as the
initial upstream trigger, it became clear
that it was not the only upstream acti-
vator involved in closing the gap.

Evidence that the endothelium itself is
involved in restoring the gaps after
leukocytes have crossed came from the
realization that endothelial cells can induce
membrane protrusions around trans-
migrating leukocytes.6,7 To this day, the
function of these protrusions remains
elusive. It was proposed that such pro-
trusions are involved in the adhesion
step6 or may be important for the actual
diapedesis step.7 Alternatively, it was
hypothesized that these protrusions
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