
Monocyte trafficking critically contributes
to inflammatory and autoimmune disease. For
example, in atherosclerosis, monocytes be-
come recruited to inflamed arteries, where
they differentiate into macrophages that ulti-
mately become pathogenic lipid-laden foam
cells.3 In rheumatoid arthritis, monocyte traf-
ficking to, and differentiation in, the joints has
been suggested to feed the autoimmune cycle
by providing a source for the high levels of
synovial-fluid DCs that ultimately stimulate
tissue-damaging autoreactive effector cells.4

Importantly, however, contrasting the exten-
sive studies of lymphocyte trafficking and
homing, relatively little remains known about
the complexities and molecular mechanisms
directing monocyte trafficking in vivo during
inflammation.

Xu and colleagues designed a study to begin
to address this paucity by using a noninvasive in
vivo retinal imaging approach in the context of
experimental autoimmune uveoretinitis (EAU).
Thus, the trafficking of adoptively transferred
GFP� monocytes through inflamed retinal
venules was characterized in the absence and
presence of antibodies that block the function of
specific leukocyte-trafficking adhesion mol-
ecules. It was found that blockade of CD62-L
(L-selectin) or CD44 (the hyaluronan receptor)
abrogated monocyte rolling, firm adhesion, and
ultimate infiltration into the retina, whereas
blockage of PSGL-1 (a ligand for P-, E- and
L-selectins) and LFA-1 (receptor of ICAM-1)
had either partial or no effect, respectively, on
these parameters. The findings are in general
agreement with a variety of previous studies in
other models.

Strikingly, and somewhat surprisingly,
CD62-L and CD44 blockade also lead to a
rapid and profound depletion of monocytes
from the circulation. These effects were in-
flammation specific, as they were observed in
the setting of EAU but not in healthy control
animals. Moreover, these treatments caused
monocytes to accumulate in specific lymphoid

tissues, with CD44 blockade causing concomi-
tant retention in the lymph nodes and deple-
tion from the spleen, and CD62-L blockade
causing accumulation in the spleen and deple-
tion from lymph nodes. Interestingly, these
effects were also systemic, as monocyte se-
questration (with CD44 blockade) was ob-
served in distant, as well as draining, cervical
lymph nodes. From these results, it was con-
cluded that mechanisms controlling monocyte
recirculation through peripheral and lym-
phoid tissues alter in a systemic fashion during
inflammation, and that under such conditions,
CD62-L and CD44 play important roles in
maintaining monocytes within circulation.

This study provides a novel hypothesis and
provocative findings. Several of these observa-
tions were unexpected and remain unexplained.
For example, the observations with CD44 dem-
onstrate a novel and clearly important role for
CD44 in monocyte trafficking during inflamma-
tion, but the mechanisms driving their reduction
in the spleen are unclear. Similarly, how
CD62-L blockade drives monocyte accumula-
tion in spleen in the setting of EAU but not in
control mice remains mysterious. Such issues
suggest a previously unappreciated complexity
in the mechanisms and regulation of monocyte
trafficking. Thus, in addition to providing new
insights, the work by Xu et al provides interest-
ing new questions for future studies.
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Fas, IL-7, and T cells: live and let die
----------------------------------------------------------------------------------------------------------------
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In the context of HIV-driven, prolonged overactivation of the immune system,
ultimately leading to AIDS, Rethi and colleagues have identified key components
able to support both life and death of immune-competent T cells.

Rethi and colleagues have shown that Fas,
increasingly expressed during T-cell

depletion in lymphopenic conditions such as
HIV-1 infection, and known to transmit apo-
ptotic (death) signals to repeatedly activated
antigen-specific T cells, also plays a role in
stimulating T-cell expansion through co-
stimulatory signals in suboptimally activated
T cells. They also found that the cytokine
IL-7, which is elevated in response to T-cell
depletion, increases the efficacy of Fas in in-
ducing proliferation of these cells. In other
words, while letting overactivated cells die, the
same molecules allow suboptimally activated
cells to live and expand, reiterating the process
of life and death of the immune system
endlessly.

These findings add another piece to the
puzzle of HIV pathogenesis, and fit within the
current, prevailing interpretation that pro-
longed immune overactivation induced by
HIV during the course of chronic infection
exhausts the immune system and leads to
AIDS. Initially, it was shown that chronic high
levels of immune activation accompany patho-
genic HIV/simian immunodeficiency virus
(SIV) infection, and the consequent induction
of apoptosis during continued, chronic activa-
tion of the immune system deletes reactive
T cells, resulting in progression to AIDS.1,2

This concept was supported by the finding
that apoptosis does not mainly occur in HIV-
infected cells as first suspected, but rather in
bystander cells that are not infected by the
virus.3 The increased susceptibility of these
bystander cells to apoptosis was shown to cor-
relate with disease progression,4 leading to the
conclusion that chronic activation of the im-
mune system is the primary mechanism for
cell depletion. The immune system is eventu-
ally exhausted by long-term HIV-1 infection.5

This explains why markers of T-cell activation
are more closely associated with disease pro-
gression than is plasma viral load during HIV
infection,6 and CD4 T-cell depletion corre-
lates more closely with levels of immune acti-
vation than with viral load during both HIV-1
and HIV-2 infection.7 The nonhuman primate
model provided the most elegant, although
indirect, evidence that chronic hyperactiva-
tion of the immune system is key to HIV dis-
ease progression and AIDS: despite persis-
tently high viral loads and massive initial loss
of CD4 memory T cells in the lamina propria
of the gut, SIV infection in sooty mangabeys is
not pathogenic, but rather is characterized by
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limited immune activation and low bystander
immunopathology.8 This is in stark contrast to
rhesus macaques, in which persistent SIV rep-
lication and resultant high viral loads are asso-
ciated with high levels of immune activation
and progression to AIDS. The reduced re-
sponse by the sooty mangabey immune system
to chronic immune stimulation explains the
lack of pathogenic effects despite high viral
loads similar to those seen in infected
macaques.9

The findings of Rethi and colleagues im-
prove upon the current knowledge of
hyperactivation-mediated immune deficiency:
while previous literature mainly explains how
immune hyperactivation induces immune defi-
ciency, the present manuscript addresses the
question of how immune deficiency (or at least
one aspect of it, T-cell depletion) leads to hyper-
activation, by rendering a subset of T cells more
prone to proliferation. The complex interplay
between hyperactivation and resultant immune
deficiency and, now, between immune defi-

ciency and immune hyperac-
tivation, is becoming increas-
ingly clear, completing the
vicious cycle that leads from
HIV infection to AIDS.
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Erythropoiesis— once more HIF!
----------------------------------------------------------------------------------------------------------------
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In this issue of Blood, Yamashita and colleagues provide evidence for additional
oxygen-dependent regulation of erythropoiesis through HIF-2�– controlled ex-
pression of vascular adhesion molecule-1 in endothelial cells of the bone marrow
microenvironment.

Oxygen-dependent regulation of erythro-
poiesis by hypoxia-inducible production

of erythropoietin (EPO) has stimulated re-
search for decades. It has ultimately led to the
identification of cellular oxygen sensors in
control of EPO production.1 Hypoxia-
inducible transcription factor-1 (HIF-1) was
identified by Wang et al from hypoxia-induced
binding of a transcription factor complex to
the EPO enhancer.2 Dissecting the regulatory
pathways back to the cellular O2 sensors re-
vealed a HIF-1 dimer consisting of an oxygen-
labile �-subunit (HIF-1�, -2�, and -3�) and a
constitutive �-subunit. Although HIF-1� was
initially thought to control EPO gene expres-
sion, recent studies indicate a dominant role
for HIF-2� in regulating EPO synthesis in
mice3,4 and also in humans.5

In this issue of Blood, Yamashita and col-
leagues report on their use of mice with a
knock-down mutation in HIF-2� that pre-
sented with normocytic anemia. Interestingly,
EPO protein levels in HIF-2� knockdown
mice were unaffected and obviously not re-
sponsible for causing the anemia. Instead, the
authors identified a major defect in the hema-
topoietic microenvironment of HIF-2�

knockdown mice that was due to reduced
endothelial-specific expression of vascular
adhesion molecule-1 (VCAM-1). VCAM-1
supports the interaction of hematopoietic and
endothelial cells in the bone marrow microen-
vironment and is required for maturation of
erythroid cells. Hypoxia-inducible VCAM
expression was selectively regulated by HIF-
2�, and defective erythropoiesis was rescued
in HIF-2� knock-down mice with selectively
restored HIF-2� expression in endothelial
cells. As such, the study by Yamashita and
colleagues underscores the importance of
HIF-2� in the O2-dependent regulation of
erythropoiesis. This work adds a further piece
to the puzzle of how low oxygen tension in the
bone marrow supports hematopoiesis by facili-
tating the interaction of stromal and hemato-
poietic cells.

Unexpected and puzzling, however, is the
fact that HIF-2� knock-down did not reduce
EPO synthesis; on the contrary, hepatic EPO
mRNA levels in the knock-down mice tended
to be higher than in wild-type controls. This
finding deserves further study. However, the
effect of reduced HIF-2� expression on the
hematopoietic microenvironment, but not
EPO synthesis, may indicate that remaining
levels of HIF-2� in knock-down animals with

HIV infection is characterized by progressive T-cell depletion. T-cell
depletion increases the production of both apoptosis stimulating fragment
(FAS) and interleukin-7 (IL-7). As shown by Rethi et al, IL-7 synergizes with
FAS to induce proliferation of suboptimally activated T cells. It is known
that chronic hyperactivation/proliferation induces T-cell apoptosis and
death, particularly of bystander cells. The whole process results in T-cell
depletion, thus completing the HIV-AIDS pathogenesis cycle. Professional
illustration by Alice Y. Chen.

blood 1 5 A U G U S T 2 0 0 8 I V O L U M E 1 1 2 , N U M B E R 4 931

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/112/4/930/1455640/zh801608000930.pdf by guest on 03 June 2024


