
domains contributes to the binding and pro-
teolytic processing of VWF under physiologic
conditions.

Previous studies have shown that the metal-
loprotease domain of ADAMTS13 alone is inef-
fective in cleaving VWF,6,7 but if the various
noncatalytic domains are incrementally added
back, proteolytic activity is gradually restored.6,7

These results suggest a linear relationship be-
tween the domains of ADAMTS13 and VWF
proteolysis. Gao et al8 have identified several
potential sites on the VWF-A2 domain that may
make direct contacts with various proximal non-
catalytic domains of ADAMTS13 under static
conditions. This result is in agreement with that
reported previously by Ai et al,6 in which
ADAMTS13 variants truncated after the spacer
domain with an additional internal deletion of
either disintegrin domain or disintegrin plus
TSP1-1 repeat have markedly reduced proteo-
lytic activity toward VWF fragment and exhibit
no proteolytic activity toward full-length VWF.
Collectively, these data support a hypothesis that
all the proximal noncatalytic domains of
ADAMTS13 are required for productive
engagement with VWF-A2 domain at least un-
der static/denaturing conditions.

In this issue of Blood, de Groot et al9 focus on
the involvement of the disintegrin domain of
ADAMTS13 in VWF processing in more detail.
They use molecular modeling (panel B in the
figure) and site-directed mutagenesis to identify
the amino acid residues within this domain that
are essential for successful cleavage of VWF.
They show that 3 out of 8 ADAMTS13 disinte-
grin mutants they have produced exhibit dra-
matically reduced activity toward VWF frag-
ment, namely VWF115 (amino acid residues
1554-1668 of VWF), and full-length VWF poly-
mers under static/denaturing conditions.9 Ki-
netic analyses show a 5- to 20-fold reduction in
the catalytic efficiency in cleavage of VWF115 by
these mutants.9 Further experiments have iden-
tified that the positively charged Arg349 on
ADAMTS13 appears to directly interact with
the negatively charged Asp1614 on the VWF-A2
domain (figure panel B).9 The authors hypoth-
esize that this seemingly weak interaction be-
tween the disintegrin and VWF-A2 appears to
be essential for efficient catalysis of VWF under
static/denaturing conditions. This task may be
achieved in collaboration with other proximal
noncatalytic domains. Indeed, the first TSP1
repeat, the Cys-rich domain, and the spacer do-
mains bind VWF-A2 fragment with higher af-
finity than the disintegrin domain.6 These results

suggest that binding of all the proximal noncata-
lytic domains of ADAMTS13 to VWF is neces-
sary to position the active site of ADAMTS13 to
the scissile bond (Tyr1605-Met1606) on VWF,
resulting in productive cleavage.

It remains to be seen how this domain func-
tions in concert with the other domains of
ADAMTS13 in the presence of shear stress that
alters VWF conformation in a more physiologic
way. Could it be that the other domains of
ADAMTS13 are more important than the disin-
tegrin domain in binding VWF in order to align
it with the scissile bond for cleavage in vivo? For
instance, the recent report by Zhang et al 10 sug-
gests a role of the middle and distal parts of the
noncatalytic region in participating in binding
and proteolytic processing of VWF under fluid
shear stress. Therefore, further investigation of
the precise interactions between each of
ADAMTS13 domains and VWF may shed light
on understanding the pathogenesis of throm-
botic thrombocytopenic purpura, a potentially
fatal illness caused primarily by the absence of
plasma ADAMTS13 proteolytic activity, as a
result of ADAMTS13 mutations or acquired
autoantibodies against ADAMTS13 enzyme.
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Comment on Opiela et al, page 5635

RTEs: lazy T-cell teenagers
----------------------------------------------------------------------------------------------------------------

Pamela J. Fink UNIVERSITY OF WASHINGTON

In this issue of Blood, Opiela and colleagues analyze the phenotype and function of
the lymphoid periphery’s youngest T cells, RTEs.

Recent thymic emigrants (RTEs) are
T cells that have just exited from the

thymus, having completed an approximately
2-week journey that takes them from stem cell
to committed T cell. Only 1% to 5% of thy-
mocytes survive this complex maturation pro-
cess that begins with T-cell receptor gene re-
arrangement and ends with a select population
of lineage committed T cells that are both self-
major histocompatibility complex (MHC)–
restricted and self-tolerant.1 Throughout the
lifetime of the individual, RTEs are essential
for the maintenance of a diverse population of
naive peripheral T cells, ready to further dif-
ferentiate into appropriate effector T cells
upon encounter with foreign antigen.

It has long been of interest to identify and
analyze RTEs as a population distinct from the
bulk of peripheral T cells, in order to quantify
thymic output and to assess whether T-cell
maturation continues after thymic egress.
Understanding RTE biology is of particular
importance for predicting recovery of the
immune system following lymphoablative
therapy or viral infection, and for the study of
immunity in neonates (in which the bulk of the
lymphoid periphery consists of RTEs) and in
aged individuals (in which RTEs represent a
small minority of peripheral T cells). Previous
methods for tagging RTEs have included in-
trathymic injection of fluorochromes, trans-
plantation of congenically marked thymus
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grafts, and analysis of T cell–receptor re-
arrangement excision circles. Each of these
methods is problematic: they either result in
cell death, thereby precluding functional ana-
lyses, or involve surgical manipulation that can
alter the very parameters being measured.

Recent advances have highlighted new
means of identifying RTEs in both unmanipu-
lated mice and humans, allowing the isolation
of live RTEs for functional and phenotypic
analyses. In humans, CD4� RTEs are specifi-
cally marked by expression of PTK7, a pro-
tein tyrosine kinase of unknown function in
T cells.2 In the mouse, RTEs can be identified
as fluorescent peripheral T cells in mice ex-
pressing a transgene encoding green fluores-
cent protein under the control of the RAG2
promoter.3 We have learned from these stud-
ies that thymic output (as a function of the size
of the generative compartment) is relatively con-
stant throughout life, that many more CD4�

RTEs emigrate than can ultimately be incorpo-
rated into the peripheral T-cell pool, and that in
both mice3-5 and humans,2 RTEs are phenotypi-
cally immature and functionally defective, com-
pared with their mature counterparts.

Opiela et al have now contributed to this
body of work by comparing the function and
phenotype of RTEs in the neonatal and adult
mouse.6 Such a comparison is clearly war-
ranted, given the known differences in neona-
tal and adult T-cell biology. In the neonate,
RTEs differentiate from fetal liver stem cells
to enter a lymphopenic peripheral environ-
ment in which they constitute the majority of
peripheral T cells while in healthy adults,
RTEs comprise a minority of T cells in a lym-

phoreplete periphery.
According to this latest
study, stimulated neonatal
RTEs secrete higher levels
of effector cytokines
(IL-2, IL-4 and IFN�)
than do adult RTEs.1 Fur-
thermore, RTEs from
neonates, but not from
adults, proliferate in re-
sponse to the key homeo-
static cytokine IL-7 in the
absence of T cell–receptor
stimulation. CD4� RTEs
in humans also show in-
creased IL-7– driven pro-
liferation, although no
comparative analysis of
neonatal and adult RTEs
was presented in this

study.2 The heightened response of murine
neonatal RTEs to IL-7 is accompanied by
differences in the kinetics of IL-7R� down-
regulation and downstream transcription fac-
tor activation. Analysis of radiation chimeras
has indicated that the key differences between
neonatal and adult RTEs do not result solely
from their distinct stem cell source. Instead,
the availability of IL-7 and the density and
identity of the cellular neighbors of RTEs may
contribute to the distinct properties of adult
and neonatal RTEs.

Now that the “hows” are beginning to be
understood, attention is likely to turn to the
“whys” of continued postthymic maturation of
T cells and the functional and phenotypic differ-
ences between neonatal and adult RTEs. Does
the 2- to 3-week transition period of postthymic
T-cell maturation provide a means for further
selecting the T-cell population for “best fit”? Do

the functional defects allow the individual to
purge self-reactive T-cells by permitting new
emigrants to scan the periphery for tissue-
specific antigens without the danger of eliciting
autoimmunity? Neonates must uniquely cope
with lymphopenia and the absence of mature
peripheral T cells. Given that T cells undergo-
ing homeostatic proliferation adopt a memory
cell phenotype and heightened function,7 the
IL-7–driven proliferation of neonatal RTEs may
both help fill up empty space and provide a
population of memorylike T cells. Clearly, much
remains to be learned about how the youngest
peripheral T cells cope with their adolescence
and successfully transition into adulthood.
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Comment on Sörensen et al, page 5680

Dll1 and Dll4: similar, but not the same
----------------------------------------------------------------------------------------------------------------

Manfred Gessler WUERZBURG UNIVERSITY

The VEGF-Dll4-Notch1 signaling cascade has taken center stage in angiogenesis,
but it now appears that Dll1 ligands have precedence in arteries and even seem to
control VEGF signaling.

A rteries and veins are structurally and
functionally different types of vessels,

and they display independent molecular signa-
tures. A genetic program imposes arterial or

venous fate onto embryonic precursors prior
to formation of patent vessels and onset of
blood circulation. This has been shown most
elegantly in zebrafish and seems to hold true

T-cell development in the fetus and the neonate begins with immigration of
fetal liver–derived stem cells into the thymus. After intrathymic T-cell
maturation is complete, RTEs exit the thymus and enter the lymphoid
periphery. RTEs are marked by green fluorescence in mice carrying a
transgene-encoding green fluorescent protein driven by the RAG2 pro-
moter. RTEs in the neonate enter a lymphopenic periphery and constitute
the majority of peripheral T cells. In the adult, stem cells arise from the bone
marrow, and after completing intrathymic maturation, the resulting RTEs
exit the thymus and enter a lymphoreplete periphery, where they are
surrounded by a majority of mature T cells.
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