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Hypoxia: jump-starting inflammation
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Tissue hypoxia affects immunity and inflammation; however, the way in which
changes in oxygen levels may modulate dendritic cell (DC) function is still not
clear. Bosco et al report the gene expression profiling of hypoxic mature DCs and
identify TREM-1 as a novel hypoxia-inducible gene that may amplify inflamma-
tory responses.1

Normal oxygen delivery is essential for
survival of metazoan organisms and evo-

lutionarily conserved mechanisms have been
developed to maintain oxygen homeostasis.
Changes in tissue oxygen levels in pathologic
conditions are caused by an imbalance be-
tween cellular oxygen demand and tissue oxy-
gen delivery. Thus, tissue hypoxia is a hall-
mark of a number of pathologic conditions
ranging from cancer to inflammatory diseases.
Oxygen homeostasis is by and large main-
tained through a family of hypoxia-inducible
transcription factors (HIFs), composed of a
constitutively expressed HIF-1� subunit and
a HIF-� subunit (HIF-1� and HIF-2�) that is
tightly regulated by tissue oxygen levels.2 Ac-
cumulation of the HIF-� subunit is rapidly
triggered by a decrease in oxygen levels, with
consequent transcriptional activation of a
number of genes whose products are involved
in compensatory pathways aimed at restoring
oxygen delivery and maintaining energy re-

quirements, including erythropoiesis, angio-
genesis, and glycolytic metabolism.2

Abnormal activation or deregulation of
hypoxia-induced transcriptional pathways
may contribute to the pathogenesis of condi-
tions as diverse as inflammation, vascular dis-
ease, and cancer.3 A cross-talk between hy-
poxic and nonhypoxic signaling pathways,
including pro-inflammatory cytokines, such as
tumor necrosis factor-� and interleukin-1�,
and bacterial products, that is, lipopolysaccha-
ride, may further amplify inflammatory re-
sponses by activating HIF as well as other
oxygen-sensitive transcription factors, for
example nuclear factor-�B (NF-�B). Indeed,
accumulating evidence indicates that NF-�B
and HIF-1� are linked in a regulatory loop
that substantiates the involvement of hypoxia
in innate immunity and inflammation.4 Like-
wise, hypoxia-triggered inflammation may play a
role in providing a nurturing environment for
cancer initiation and progression.

To what extent does tissue hypoxia affect
immune response and inflammatory pro-
cesses? Over the past several years, the role of
hypoxia in differentially regulating the func-
tion of cells involved in innate and adaptive
immunity has been increasingly appreciated.
HIF-1 provides an adequate energy supply
and promotes bactericidal activities of myeloid
cells,5 at least in part by transcriptional activa-
tion of the inducible nitric oxide synthase
gene.6 HIF-1 promotes neutrophil survival in
an NF-�B– dependent fashion7 and increases
neutrophil blood vessel extravasation. Con-
versely, hypoxia may down-regulate adaptive
immunity, for instance, by signaling through
the extracellular adenosine receptors and by
inhibiting interferon-� production and T-cell
activation.8

In contrast, the effects of the hypoxic mi-
croenvironment on DC function are still
poorly understood. DCs are a heterogeneous
group of professional antigen-presenting cells
that are essential to link innate to adaptive im-
munity, by recognizing danger signals and
triggering T-cell responses. Evidence has been
provided that hypoxia may either impair9 or
promote10 DC function. In this issue, Bosco et
al1 provide a detailed analysis of the transcrip-
tional profile of monocyte-derived mature
DCs cultured under hypoxic conditions
(H-mDCs). They shed some light on genes
that are induced under hypoxic conditions and
that may contribute to the activation of adap-
tive pathways essential for survival and func-
tion of H-mDCs, such as genes involved in
glycolysis, cell metabolism, and angiogenesis.
However, the majority of genes up-regulated
in H-mDCs encoded for proteins that are in-
volved in immune regulation, inflammatory
responses, and cell migration and adhesion,
clearly indicating a functional distinction be-
tween normoxic and H-mDCs.

Among the genes induced in H-mDCs,
Bosco et al1 identified a cluster of genes coding
for immune-related cell-surface receptors and
further characterized the expression and regu-
lation of TREM-1, which was highly and se-
lectively expressed in H-mDCs (see figure).
TREM-1 is a surface molecule expressed on
neutrophils and a subset of monocytes, which
is down-regulated during monocyte differen-
tiation into DCs.11 Thus, expression of
TREM-1 on CD-83� DCs may represent a
novel marker that characterizes the H-mDC
population. TREM-1 lacks an intracellular
signal transduction domain and associates with

Effects of decreased oxygen concentrations on DC maturation and function. (Professional illustration by
A. Y. Chen.)
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the adaptor protein DAP12, which triggers
downstream signaling. TREM-1 expression is
up-regulated by lipopolysaccharide and other
microbial products and it functions as an am-
plifier of the inflammatory response in the
context of microbial infections.11 Bosco et al1

show that HIF-1 is, at least in part, implicated
in the hypoxic-mediated transcriptional acti-
vation of TREM-1, consistent with the pres-
ence of a putative hypoxia response element in
the promoter region. Notably, cross-linking of
TREM-1 was associated with induction of
DAP12-mediated signaling pathways leading
to activation of AKT, ERK-1, and I�B� and
increased production of pro-inflammatory
cytokines, indicating that TREM-1 may be
involved in amplifying hypoxic-dependent
inflammatory responses. TREM-1 ligand is
still unknown, so it is unclear how hypoxic
conditions trigger TREM-1/DAP12 signaling
cascade. Notably, TREM-1 signaling was pri-
marily activated under chronic, rather than
acute, hypoxic conditions, emphasizing the
requirement for sustained stimulation to acti-
vate TREM-1 expression and further indicat-
ing a functional distinction between normoxic
and H-mDCs.

The findings reported by Bosco et al1 in
this issue raise a number of questions. What
are the functional consequences of TREM-1
expression in H-mDCs? Does TREM-1 ex-
pression affect the response of mDCs to hy-
poxia? In which other cell types is TREM-1
induced by hypoxia? More importantly, what
is the role of TREM-1 in human pathologic
conditions known to be associated with hy-
poxia? Bosco et al1 provide evidence that this
pathway may be activated in synovial fluid
from children with Juvenile Idiopathic Arthri-
tis, an inflammatory condition associated with
hypoxia. Previously, TREM-1 expression had
been implicated in the pathogenesis of sterile
inflammatory conditions, including rheuma-
toid arthritis. Further studies are required to
fully appreciate the role of TREM-1 expres-
sion in human inflammatory diseases associ-
ated with hypoxia either as a marker of
H-mDCs or as a potential therapeutic target.

Overall, this study highlights several im-
portant points. The first is the essential contri-
bution of tissue hypoxia to the initiation and
amplification of inflammatory processes, em-
phasizing its potential involvement in a broad
range of human diseases. The second is the
heterogeneous response of distinct cellular
components to the hypoxic inflammatory mi-

croenvironment, which may differentially
modulate the inflammatory response. Finally,
the recurrent implication of hypoxia-triggered
inflammation in distinct, and apparently unre-
lated, human diseases provides an opportunity
to identify novel targets and develop more
effective therapies potentially active in a broad
range of pathologic conditions.
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Self-renewal in late-stage erythropoiesis
----------------------------------------------------------------------------------------------------------------
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Extensive in vitro self-renewal of proerythroblasts from the earliest period of de-
finitive erythropoiesis, as reported by England and co-investigators1 in this issue of
Blood, expands the potential role of self-renewal in mammalian hematopoiesis and
suggests a possible source of blood cells for clinical treatments.

In standard hematopoietic hierarchy models,
the pluripotent hematopoietic stem cell

(HSC) undergoes long-term self-renewal cell
divisions that create more HSCs. The HSC
also commits to differentiation by cell divi-
sions that form all lineages of lympho-
hematopoietic cells. In diagrams of these mod-
els, HSC self-renewal is designated by a
reflexive arrow, while another arrow leads to a
sequence of bifurcating stages of hematopoi-
etic differentiation that terminates in the ma-
ture cells of the blood and lymphoid tissues.2

The proliferative potential of progenitor cells
at each successive stage of differentiation is
generally assumed to be less than in the previ-
ous stage. Other than the HSC, none of the
subsequent progenitors in these differentia-
tion schemes was believed to have the potential

for long-term self-renewal. Now, England et al
report that, soon after the genesis of definitive
erythropoiesis, the relatively late differentia-
tion stage of the proerythroblast has the capac-
ity for extensive self-renewal divisions in
vitro.1 In the figure, this capacity for extensive
self-renewal is represented by a reflexive arrow
not only at the HSC stage but again at the pro-
erythroblast stage.

The sequence of differentiation stages for
the erythroid lineage includes the HSC, the
common myeloid progenitor (CMP), the bi-
potent megakaryocytic-erythroid progenitor
(MEP), and then a sequence of erythroid-
restricted progenitors and morphologically
distinguishable precursors, as shown below
the dashed line in the figure. The erythroid-
restricted progenitors were originally defined
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