
tissues (CCL19, CCL20, CCL21, and
CCL25) and plasma (CCL3, CCL4, and
CXCL12). The physiologic significance of
these observations was demonstrated by
T- lymphocyte infiltration in lymph nodes,
gut and skin lymphoid tissue. T-cell cycling, a
known outcome of IL-7 administration, was
noted in these same tissues prior to detection
of cycling T cells in the peripheral blood.

This work is important for many reasons:
(1) it provides us with data supporting tissue
redistribution as the explanation of lymphope-
nia observed in recombinant human (rh) IL-7
clinical trials; (2) it shows potential mecha-
nisms that could account for some of the side
effects observed in preclinical and clinical
studies of IL-7, specifically skin rashes, diar-
rhea, and possibly the elevation of liver en-
zymes (however, no liver biopsies were
shown); (3) it gives insight into the homing of
T cells in response to homeostatic cytokine
signals that are relevant in both normal and
lymphopenic conditions; (4) it shows that IL-7
induces T-cell cycling in lymph nodes, skin
and gut, suggesting that the T-cell expansions
seen in rhIL-7–treated subjects occur at the
tissue level and are not due to redistribution;
and (5) it suggests mechanisms that could ex-
plain lack of response to endogenous or exog-
enous IL-7 such as destruction of tissue or
lymph node architecture or disruption of che-
mokine receptor-chemokine interactions. Fi-
nally, the study also highlights our shortcom-
ings in assessing total body lymphocytes by
demonstrating how peripheral blood T lym-
phocyte observations may not be representa-
tive and may even be misleading in disease
states characterized by altered levels of cyto-
kines, chemokines, and chemokine receptor
expression.

Some questions remain: Why didn’t CCR7
(an important molecule for homing to lymph
nodes) increase on T cells? Why were there no
increases of CD3� cells in lymph node biop-
sies at 24 hours despite demonstrable increases
in Ki67 expression? Why were there signifi-
cant differences in chemokine receptor expres-
sion between CD4 and CD8 T cells despite
identical disappearance and recovery rates
from the circulation? Nevertheless, this type
of detailed work with frequent peripheral
blood and tissue sampling would not be pos-
sible in a clinical study. Although the authors
contrast their observations to the IL-2 effects,
suggesting that apoptosis explained the lym-
phopenia induced by IL-2, one could argue

that similar trafficking phenomena may also
have occurred in IL-2–treated subjects, in
addition to the enhanced apoptosis that fol-
lowed the observed lymphopenia.4

Better understanding of the mechanisms of
action of cytokines can help interpret clinical
observations, improve future clinical study
designs, ameliorate concerns about lymphope-
nia or other transient side effects, and further
elucidate the role of cytokines in normal T-cell
homeostasis and lymphopenia. Phase 1 clinical
studies of rhIL-7 have shown significant ex-
pansion of both CD4 and CD8 T-cell subsets,
suggesting a potential role for rhIL-7 in treat-
ment of lymphopenic diseases such as HIV
infection.3,5 After the recent failure of IL-2 to
show any clinical benefit in large phase III
clinical trials in HIV infection6,7 despite sig-
nificant CD4 T-cell increases, it will be essen-
tial to demonstrate that cytokine-induced T-
cell expansions in peripheral blood reflect a
normal T-cell tissue distribution and function
with a diverse T-cell repertoire.

Acknowledgment: This work was supported
by the Intramural Research Program of the
NIH, NIAID.

Conflict-of-interest disclosure: The author
declares no competing financial interests. ■

REFERENCES
1. Beq S, Rozlan S, Gautier D, et al. Injection of glycosy-
lated recombinant simian IL-7 provokes rapid and massive
T-cell homing in rhesus macaques. Blood. 2009;114:
816-825.

2. Sportes C, Hakim FT, Memon SA, et al. Administra-
tion of rhIL-7 in humans increases in vivo TCR repertoire
diversity by preferential expansion of naive T cell subsets.
J Exp Med. 2008;205:1701-1714.

3. Sereti I, Dunham RM, Spritzler J, et al. IL-7 adminis-
tration drives T cell cycle entry and expansion in HIV-1
infection. Blood. 2009;113:6304-6314.

4. Sereti I, Herpin B, Metcalf JA, et al. CD4 T cell expan-
sions are associated with increased apoptosis rates of T lym-
phocytes during IL-2 cycles in HIV infected patients.
AIDS. 2001;15:1765-1775.

5. Levy Y, Lacabaratz C, Weiss L, et al. Enhanced T cell
recovery in HIV-1-infected adults through IL-7 treatment.
J Clin Invest. 2009;119:997-1007.

6. Losso M, Abrams D, INSIGHT ESPRIT Study
Group. Effect of IL-2 on clinical outcomes in patients with
a CD4� cell count of 300/mm3. Primary results of the
ESPRIT study. Paper presented at: Conference on Retrovi-
ruses and Opportunistic Infections; February 10, 2009;
Montreal, Canada.

7. Levy Y, SILCAAT Sci Committee. Effect of IL-2 on
clinical outcomes in patients with a CD4� cell count 50 –
299 cells/mm3. Primary results of the SILCAAT study.
Paper presented at: Conference on Retroviruses and Oppor-
tunistic Infections; February 10, 2009; Montreal, Canada.

● ● ● PHAGOCYTES & GRANULOCYTES

Comment on Park et al, page 860

Efferocytosis: another function of uPAR
----------------------------------------------------------------------------------------------------------------

Francesco Blasi and Nicolai Sidenius FOUNDATION FIRC INSTITUTE OF MOLECULAR ONCOLOGY, ITALY

uPAR, the receptor for urokinase plasminogen activator, is a regulator of the up-
take by macrophages of apoptotic neutrophils (efferocytosis). Its role and mecha-
nism appear to be complex and possibly controversial.

The urokinase plasminogen activator was
originally thought to function primarily by

concentrating urokinase-dependent proteo-
lytic activity on the surface of cells, hence,
increasing the potential of cells to move and
migrate through barriers. Over the years, how-
ever, it has been firmly established that uPAR
is also a signaling receptor, albeit missing an
intracellular domain, therefore needing to
interact with other extracellular/transmem-
brane proteins to activate signaling pathways.
The development of uPAR Ko mice did not
move the field forward initially because the
mice appeared normal. However, a subsequent
series of phenotypes have been reported on
closer study, showing that uPAR is required in
vivo for the homeostasis of a wide variety of

cells including hematopoietic stem cells, os-
teoblasts, osteoclasts, macrophages, and oth-
ers. uPAR Ko mice are deficient in a series of
important functions (inflammation, bone ho-
meostasis, kidney and hematopoietic stem
cells mobilization and homing).1-4 Some of
these have been linked to human pathology.

uPAR is an adhesion receptor. It directly
binds with high affinity to the extracellular
matrix component, vitronectin, and this ap-
pears to be essential for uPAR dimerization
and signaling.5-7 A direct interaction between
uPAR and different integrins has been sug-
gested by many publications; however, in our
opinion, while there is no doubt of a functional
interaction, there is no real evidence that the
link is direct.
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Clearance of apoptotic neutrophils by mac-
rophages (efferocytosis) is an important
mechanism regulating inflammation, host
responses, and cancer. Clearance of dead cells
is important to avoid unwanted inflammatory
responses. In this issue, Park and colleagues
show that uPAR modulates neutrophils effe-
rocytosis exploiting macrophages and neutro-
phils isolated from uPAR Ko mice.8 Indeed,
uPAR�/� macrophages show increased en-
gulfing activity of viable (uPAR�/�) neutro-
phils both in vivo and in vitro. A similar in-
crease in neutrophil uptake is observed when
using uPAR�/� neutrophils and uPAR�/�

macrophages, but not when both cell types are
uPAR-negative. The data suggest a mecha-
nism different from the “eat me” or “don’t eat
me.”9 Interestingly, administration of exog-
enous suPAR (a soluble version of uPAR) re-
verses both phenotypes. Indeed, suPAR inhib-
its the increased uptake of uPAR�/�

neutrophils by uPAR�/� macrophages as well
as the increased uptake of uPAR�/� neutro-
phils by uPAR�/� macrophages. The authors’
interpretation is that suPAR modulates the
adhesion of neutrophils/macrophages
through direct interactions with integrins both
in cis and trans. Remarkably, the positive effect
of unilateral uPAR deficiency on neutrophil
uptake by macrophages seems to require the
nonredundant functions of a large number of
integrins including �M, �V, �1, � 2, and � 3
on both the neutrophil and the macrophage, as
well as the LDL receptor-related protein,
LRP. A direct effect of exogenous suPAR on
the activity of Mac1 was previously
described.10

The complexity of the uPAR/efferocytosis
relationship is further underscored by another
paper published almost at the same time.11

D’Mello et al show that uPAR overexpression

in nonprofessional phagocytes stimulates effe-
rocytosis of apoptotic cells by cancer cells,
specifically. While in this work the cells used
are not professional phagocytes, the result is
nevertheless opposite that of Park et al. More-
over, in this effect, a direct role of integrins
seems to be excluded. It is important to realize
that uPAR overexpression is a frequent event
in cancer cells and that its presence may in-
duce an environment more favorable for can-
cer invasion by regulating the infiltration and
clearance of inflammatory cells.

Although the precise mechanism underly-
ing uPAR function in efferocytosis still re-
mains to be elucidated, the data from these
papers clearly point to an unrecognized role in
heterotypic cell-to-cell adhesion.

The role of the uPAR ligand, uPA, was not
addressed in either of the 2 papers. However,
contact between apoptotic cells and macro-
phages induces IL10, which is required for
efferocytosis. In turn, IL10 induction requires
the activity (and the tyrosine phosphorylation)
of a transcription factor, Prep1.12 Prep1 (at
that time called UEF3) was discovered years
ago as a transcription factor binding to the
enhancer region of the uPA gene in a region

that serves to modulate the response to various
proliferation (and other) stimuli.13 Is it pos-
sible that there is a connection between Prep1-
dependent uPA expression, uPAR, and
efferocytosis?

Conflict-of-interest disclosure: The authors
declare no competing financial interests. ■

REFERENCES
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Comment on Qadura et al, page 871

Plasma-derived and recombinant FVIII
----------------------------------------------------------------------------------------------------------------

Roland W. Herzog UNIVERSITY OF FLORIDA

While plasma-derived and recombinant coagulation FVIII may largely share the
same amino acid sequence and restore coagulation equally well, Qadura and col-
leagues demonstrate in this issue of Blood that these molecules appear quite differ-
ent to the immune system.

Scheme showing a neutrophil (on top) undergoing apoptosis (the color change indicates the apoptosis), and
encountering a macrophage (left). Both express uPAR (3 little spheres of the same color of the cytoplasm) and
integrins (red bars). Through the interaction of these 2 proteins the neutrophil is efferocytosed into the
macrophage (on the right). The scheme does not necessarily imply a direct uPAR-integrin interaction.
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