culture of murine HSCs with purified Angptl2
confers 24-fold net expansion of long-term
HSCs by reconstitution analysis.* Moreover,
they recently discovered that several Angptls
including Angptl2 bind and activate the
immune inhibitory receptor human

LILRB2 and its mouse ortholog paired
immunoglobulin-like receptor.*

Currently, one of the most important
questions is how Angptl2 binds and activates
LILRB2. In the present paper by Deng et al,’
the authors addressed this issue. Oligomerization
of Angptl2 via the CCD is required for activation
of the LILRB2 signaling. Also, 2 motifs of
LILRB2, Y96 in immunoglobulin 1 (Igl)
and G392 in Ig4, were necessary for the
receptor to be bound and activated by Angptl2.
Considering future development, because
Angptls are large glycosylated proteins that
are readily degraded and form aggregates,
molecules with enhanced stability and
higher activities that mimic the effects
of Angptl2 would lead to the development
of a more efficient HSC expansion system.
Based on this idea, the authors found
immobilized antibodies against LILRB2
mimic Angptl2-stimulated receptor
signaling and support ex vivo expansion or
maintenance of human cord blood HSCs.

Of further interest is the significance of
the Angptl2 oligomerization in tissues outside
hematopoietic organs. This point is particularly
important, as Angptl2 seems to be acting as
an integrin ligand, but not via LILRB2, outside
the hematopoietic system.*® Overall, a series of
studies by Zhang and colleagues clearly indicate
that Angptl2/LILRB2 signaling is one of
the most promising targets for ex vivo
expansion of human HSCs. Application of
immobilized anti-LILRB2 antibodies will be
practically and therapeutically suitable for
this purpose.

Conflict-of-interest disclosure: The author de-
clares no competing financial interests. M

REFERENCES

1. Deng M, Lu Z, Zheng J, et al. A motif in LILRB2
critical for Angptl2 binding and activation. Blood. 2014;
124(6):924-935.

2. Dahlberg A, Delaney C, Bernstein ID. Ex vivo
expansion of human hematopoietic stem and progenitor
cells. Blood. 2011;117(23):6083-6090.

3. Zhang CC, Kaba M, Ge G, et al. Angiopoietin-like
proteins stimulate ex vivo expansion of hematopoietic stem
cells. Nat Med. 2006;12(2):240-245.

4. Zheng J, Umikawa M, Cui C, et al. Inhibitory
receptors bind ANGPTLs and support blood stem cells
and leukaemia development. Nature. 2012;485(7400):
656-660.

834

5. Augustin HG, Koh GY, Thurston G, Alitalo K.
Control of vascular morphogenesis and homeostasis
through the angiopoietin-Tie system. Nat Rev Mol Cell
Biol. 2009;10(3):165-177.

6. Hato T, Tabata M, Oike Y. The role of angiopoietin-
like proteins in angiogenesis and metabolism. 7rends
Cardiovasc Med. 2008;18(1):6-14.

7. Kim I, Moon SO, Koh KN, et al. Molecular cloning,
expression, and characterization of angiopoietin-related
protein. angiopoietin-related protein induces endothelial cell
sprouting. ¥ Biol Chem. 1999;274(37):26523-26528.

® ® ® RED CELLS, IRON, & ERYTHROPOIESIS

Comment on Wang et al, page 946

Ironing out placenta growth factor

'.) Check for updates

8. Tabata M, Kadomatsu T, Fukuhara S, et al.
Angiopoietin-like protein 2 promotes chronic

adipose tissue inflammation and obesity-related
systemic insulin resistance. Ce// Metab. 2009;10(3):
178-188.

9. Kubota Y, Oike Y, Satoh S, et al. Isolation and
expression patterns of genes for three angiopoietin-like
proteins, Angptll, 2 and 6 in zebrafish. Gene Expr Patterns.
2005;5(5):679-685.

© 2014 by The American Society of Hematology

Julia E. Brittain GEORGIA REGENTS UNIVERSITY

In this issue of Blood, Wang et al describe for the first time a vital link between

iron overload and pulmonary hypertension in sickle cell disease (SCD). They
1

report this link is likely placenta growth factor (PIGF)
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Connection between transfusion frequency and pulmonary hypertension in SCD. Iron overload induces the activation of EKLF
transcription factor in erythroblasts. These cells then release PIGF, which promotes the release of endothelin-1. Thus, when
combined with other pathological factors in SCD, pulmonary hypertension may result. Professional lllustration by Luk Cox.
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I n the context of the profound vaso-occlusion
present in SCD, the contribution of other
factors to the disease (hemolysis, anemia, and
transfusion dependency) can be overlooked
in disease pathology. However, each of these
factors likely converge to create a state of global
homeostatic perturbation in which all organ
systems are affected.

In fact, one of the most fundamental
aspects of hemostasis, iron metabolism and
equilibrium, is also disrupted. Although
historically iron deficient, the increasing
prevalence and rate of transfusion to (1)
prevent stroke in children, (2) prepare patients
for invasive surgical interventions, and (3)
reduce mortality risk are tipping the balance
toward the iron-overloaded patient with
SCD. It is worth noting that 1 unit of red
blood cells can contain up to 200 mg of iron,
easily swamping a compromised, overtaxed
iron sequestration system.” The effect of
iron burden on the liver is clear; the effect
of iron overload on cardiac function is well
documented. Wang et al, in an international
effort, demonstrate that this excess iron
(measured by ferritin levels) is also clearly
associated with mortality in patients with
SCD.!

Of note, another demonstrated risk factor
for death in SCD is pulmonary hypertension.
Although the prevalence of pulmonary
hypertension in SCD has been the subject
of some controversy, it does occur. In fact, it
is 1000 to 3000 times more common in SCD
than in the healthy population. Some studies
report that up to 11% of patients have
pulmonary hypertension.® Furthermore, as
patients with SCD survive longer, it could
be predicted that the incidence of pulmonary
hypertension will only increase.

Because both pulmonary hypertension
and elevated iron levels are risk factors for
death, Wang et al went on to ask: is there a
link between excess iron and pulmonary
hypertension in SCD?

Using both in vitro studies and clinical
observations, they convincingly link iron
with the release of PIGF. The site of action
for iron in this context is the erythroblast—a
population of cells typically grossly expanded in
patients with SCD. They report that heme-based
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iron strongly induced the expression of erythroid
Krippel-like factor (EKLF), a transcription
factor that regulates erythrocyte maturation.”
EKLF then promotes the transcription

and release of PIGF! (see figure).

PIGF is a member of the vascular
endothelial growth factor (VEGF) family
and binds primarily to VEGF receptor 1 with
an affinity rivaling that of VEGF.® Several
groups have reported the up-regulation of
PIGF in patients with SCD®’ and noted the
association of PIGF with echocardiography-
derived tricuspid regurgitant jet velocity
(TRV)—a complex measure that can suggest
pulmonary hypertension. In adults, elevated
TRV (>2.5 m per second) is associated with
mortality.* Wang et al also show that levels
of PIGF associate with death in patients with
SCD, thus underscoring the link.

This association between iron overload,
PIGF, potential pulmonary hypertension,
and death in SCD is perhaps not surprising.
In fact, expression of PIGF in mice causes
pulmonary hypertension.® PIGF directly
activates monocyte tissue factor expression and
inflammatory cytokine release.” PIGF likely
up-regulates plasminogen activator inhibitor-
1.° As such, PIGF is positioned squarely in this
disease to promote coagulation and deregulate
fibrinolysis, each of which may promote
increased pulmonary resistance. Importantly,
PIGF induces the release of endothelin-1,'°
one of the most powerful vasoconstrictors
discovered to date. These actions could
contribute to lung pathology and would
squarely position iron overload as a promoter of
impaired pulmonary function.

The authors went on to show the
relationship between iron levels and PIGF
in patients with hereditary hemochromatosis
(a disorder in which the body likely absorbs
excessive iron). As predicted, there was
a strong relationship between ferritin levels
and PIGF in these patients. In fact, as ferritin
levels dropped on treatment of iron overload,
PIGF levels dropped as well.

However, patients with hereditary
hemochromatosis are not described as at
risk for pulmonary hypertension. Does this
negate the relationship between iron overload
and pulmonary hypertension in SCD?

Indeed, it does not. Transfusional iron
overload in SCD would present against
a preexisting backdrop of ischemia/
reperfusion injury, platelet activation,
endothelial cell dysfunction, declining renal
function, hemolysis, etc. Iron overload could
be a final insult or at least be contributory
in the cascade of vascular insults that start
in early childhood.

Thus, although transfusion must remain
a viable therapy for patients with SCD, this
work provides a thought-provoking insight
into the potential long-term consequences of
this treatment modality.
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