
Is the unique bias toward erythroid-
megakaryocytic differentiation exhibited
by peripheral blood HSPCs altered in
hematologic disease? HSC/MPPs from
patients with essential thrombocythemia
and, surprisingly, b-thalassemia demon-
strated increased myeloid production at
the expense of the erythroid lineage.
The authors suggest that disease-driven
changes in the microenvironment and/or
hematopoietic dysfunction in the marrow
leads to a shift in the differentiation bal-
ance of peripheral blood HSC/MPPs.

To further place these studies in a clinical
context, extramedullary HSPC composi-
tion and function were examined in
spleens from 2 patients with hereditary
spherocytosis, an example of chronic
hematopoietic cell stress. HSC/MPPs
from HS spleens displayed increased ery-
throid transcriptional priming and pro-
duced more erythroid colonies in vitro
than those from control spleens. HS
splenic HSPCs also had a much higher
ratio of early erythroid to myeloid pro-
genitors than control. Although there
was no change in myeloid expansion of
splenic HSPCs, there was increased dif-
ferentiation along the erythroid line,
although not to the level modeled in
bone marrow. Taken together, the
authors conclude that splenic HSPCs
contribute to erythropoiesis in response
to anemia in humans.

This study provides an atlas of HSPC
transcriptome data for investigators to
query and use for comparative studies. It
also demonstrates that circulating HSPCs
hold promise for use in clinical applica-
tions, particularly in disease states
because the composition and function of
circulating HSPCs may serve as markers
for bone marrow dysfunction. They may
provide insights into disorders such as
cardiovascular disease and stroke, select
malignancies, myelofibrosis, and some
autoimmune diseases, in which increased
numbers of circulating peripheral blood
HSPCs have been observed. Could
peripheral blood HSPCs provide addi-
tional mechanistic insights to our under-
standing of disease, allowing better
diagnosis, monitoring, and treatment?
The studies by Mende and colleagues
provide a tantalizing “yes” while at the
same time providing a beautiful blueprint
for future work.
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Hyperuricemia reduces
neutrophil function
Clifford A. Lowell | University of California, San Francisco

In this issue of Blood, Ma et al1 report that high levels of soluble uric acid
(sUA) reduce neutrophil function in patients with chronic renal failure. It is
well appreciated that individuals suffering from various forms of chronic
renal failure are immunosuppressed.2 Indeed, infection is the second most
common cause of death in patients with kidney disease.

There are many factors that may contrib-
ute to the immunodeficiency of renal fail-
ure, but the molecular mechanisms that
cause these immune defects remain
poorly investigated. Clearly, both innate
and adaptative immune responses can
be affected. In the innate compartment,
impairment of both neutrophil and
monocyte/macrophage function have
been reported. Monocytes from uremic
patients manifest reduced cytokine pro-
duction when stimulated, whereas neu-
trophils display reduced migratory
capacity. In the mononuclear system,
one of the molecular mediators of
reduced cellular function was found to
be high levels of sUA.3 Hyperuricemia at
a level of 7 to 12 mg/dL (found in
patients with more severe renal dysfunc-
tion) leads to inhibition of monocyte Toll-
like receptor (TLR) signaling, which
impairs cytokine production and CD141

monocyte migration in vitro. The authors
of the Ma et al article found that UA
impairs b2 integrin activation and signal-
ing, which leads to reduced neutrophil
migration into inflammatory sites in vivo.

UA is taken up into cells via glucose
transporter 9 (Glut9 or SLC2A9). Mice
lacking SLC2A9, specifically in hepato-
cytes, develop moderate hyperuricemia;
when the animals are fed an inosine-rich
diet, they develop serum UA levels in the
range of 7 to 12 mg/dL seen in humans
with end-stage renal failure.4 By using this
model, Ma et al found reduced neutrophil
recruitment into air pouches (formed on
the back of the mouse) in response to 2
different inflammatory stimuli. Most
directly, this group used intravital micros-
copy to directly measure neutrophil rolling
and adhesion in the vasculature of the
hyperuricemic mice. In response to
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inflammatory stimuli, neutrophils in the
hyperuricemic mice showed increased roll-
ing velocity, consistent with poor integrin-
mediated adhesion, that resulted in
reduced transmigration of cells into the
inflamed tissues. This effect was partially
reversed by treating the animals with ras-
buricase, which lowers serum urate levels.
By using human peripheral blood neutro-
phils, Ma et al found that exposure to
high levels of UA led to poor b2 (CD18)
integrin activation and cell surface recy-
cling in vitro (to a number of inflammatory
stimuli), causing reduced adhesion and
chemotaxis in vitro. This mirrored the
reduced in vitro chemotaxis seen in neu-
trophils isolated from patients with severe
renal failure.

Perhaps the most interesting aspect of
this biology is the dramatically different

effects that soluble versus crystalline UA
have on innate cells (see figure). Urate
crystals, the causative agent of gout, are
extreme activators of innate cells. In
primed macrophages that have been
exposed to TLR2 or TLR4 agonists and
have high levels of pro-interleukin 1 (pro-
IL-1), UA crystals lead to direct activation
of the NLRP3 inflammasome complex,
resulting in extreme production of IL-1b
leading to an inflammatory casacade.5

Monosodium urate crystals also directly
activate unprimed (or primed) macro-
phages, likely through a signaling path-
way that involves the Syk and JNK
kinases leading to cytokine production
and metabolic reprogramming.6 Similar
results have been reported in neutrophils
exposed to UA crystals.7 UA crystals can
directly bind to plasma membrane lipids,
leading to the aggregation of lipid raft

domains in the membrane that in turn
activate Syk kinase.8

It has long been known that one of the
consequences of exposure to UA crystals
is integrin (CD18) activation,9 which
enhances the migratory capacity of innate
cells. Yet somehow, sUA does just the
opposite of all this. A detailed under-
standing of how sUA is able to oppose
b2 integrin activation remains to be pro-
vided. Because the effects of sUA on
integrin activation are very rapid (experi-
ments are performed with only a
30-minute exposure to UA), the mecha-
nism likely involves some direct biochemi-
cal effect. Perhaps UA is competing with
purine nucleotides for activation of
GTPases involved in changing the integrin
conformation.10 Or perhaps UA could be
altering charged interactions between the
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The differential effect of soluble vs crystalline UA on innate cells. Figure generated with BioRender software. ERK, extracellular signal-regulated kinase.
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signaling molecules involved in integrin
activation. Working out these mechanisms
will likely require significant biochemical
and biophysical studies. Although it is not
a major feature of this report, the authors
also found that high levels of sUA affect
neutrophil phagocytosis. This suggests
that UA can have a broader effect on the
intracellular actin cytoskeleton of innate
cells, limiting membrane dynamics more
generally, which may explain the reduced
re-cycling of CD18 observed in these
studies. Nevertheless, it is clear from this
work that some aspects of the immunode-
ficiency seen in patients with end-stage
kidney failure can be explained by the
hyperuricemia that causes reduced neu-
trophil integrin function on top of poor
monocyte and macrophage activity. This
should increase the urgency for develop-
ing inhibitors for SLC2A9 to limit UA
uptake into innate immune cells in
patients with chronic renal failure.
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Linking epigenome
regulation with DNA repair
Tatjana Stankovic1 and Marwan Kwok1,2 | 1University of Birmingham;
2Queen Elizabeth Hospital Birmingham

In this issue of Blood, Alvarez et al1 present evidence that the epigenetic
regulator plant homeodomain finger 6 (PHF6) plays an important role in the
prevention of genomic instability in leukemia cells by participating in a wide
range of cellular processes that mediate DNA repair and resolution of repli-
cation stress.

To protect their genetic information,
mammalian cells have evolved a complex
network of high-fidelity biological pro-
cesses to regulate chromatin structures,
recognize genomic lesions, and repair
damaged DNA. Chromatin regulation

involves epigenetic mechanisms such as
DNA methylation, histone modifications,
and microRNAs, whereas DNA damage
response (DDR) relies on a complex net-
work of sensors, transducers, and effec-
tors that coordinate DNA repair with

DNA replication. It has recently become
clear that epigenetic control and DNA
repair cooperate closely. Epigenetic reg-
ulators can directly control the expression
level and activity of DNA repair proteins,
as well as the accessibility of chromatin
to the recruited DNA damage repair
complexes. It is not surprising, therefore,
that important mediators of both DNA
repair and epigenetic regulation are fre-
quently altered in cancer cells.2,3

PHF6 is an epigenetic regulator frequently
inactivated in T-cell acute lymphoblastic
leukemia (T-ALL), mixed-phenotype acute
leukemia with T-lineage differentiation,
and less frequently in acute myeloid leuke-
mia and other myeloid malignancies. Ear-
lier studies have identified PHF6 as a
tumor suppressor and have suggested a
role for PHF6 in regulating DNA transcrip-
tion, DNA repair, and hematopoiesis.
However, the precise mechanism under-
pinning its tumor suppressor role remains
unclear.4

In this important work, Alvarez et al unrav-
eled different PHF6 protein interactions
and provided compelling evidence that
PHF6 plays a much wider role in suppress-
ing tumorigenesis than previously under-
stood. The authors observed that PHF6
interacts not only with components of
the nucleosome remodeling deacetylase
(NuRD) complex that associates with con-
densed chromatin but also with switch/
sucrose nonfermentable (SWI/SNF) chro-
matin remodelers that bind to open chro-
matin, suggesting a broad role of PHF6 in
chromatin remodeling. Moreover, PHF6
was demonstrated to interact with a range
of DNA repair factors at sites of damaged
DNA, as well as with regulators of cell
cycle and DNA synthesis. Through elegant
functional studies, the authors confirmed
the ability of PHF6 to facilitate resolution
of both single-strand and double-strand
DNA breaks. They also highlighted a novel
function of PHF6 in homologous recombi-
nation (HR) repair that involved promoting
the nuclear retention of the HR protein
BRCA1.

The authors further observed that the role
of PHF6 includes the epigenetic regula-
tion of DNA replication, whereby PHF6
protects replication fork integrity by
facilitating ataxia telangiectasia and Rad3-
related protein (ATR)–dependent activa-
tion of the single-strand DNA-binding
replication protein A (RPA). Other epige-
netic regulators are known to regulate
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