
platelet aggregation). P-selectin expressed
on the activated platelets can bind PSGL-1,
strengthening the association between the
activated neutrophil microparticle and the
platelets. It has been previously established
that GPIb� directly binds activated leuko-
cyte Mac-1,5 as well as P-selectin expressed
on activated platelets/endothelial cells,3,6

enabling GPIb�-mediated platelet-
leukocyte-endothelial cell crosstalk; for ex-
ample, platelets strongly promote vascular
adhesion of leukocytes in atherogenesis.7

Binding of P-selectin on activated platelets
or platelet microparticles to leukocyte
PSGL-1 initiates signals activating Mac-1,
thereby enabling integrin-dependent
adhesion to endothelial cells via intercellular
adhesion molecule-1 (ICAM-1), or to mural
platelets via GPIb� (see figure).

One of the key findings from this study is
that, whereas microparticles derived from
unstimulated neutrophils contain relatively
low levels of Mac-1 in an inactive state, mi-
croparticles derived from PMA- or PAF-
activated neutrophils contain approxi-
mately10-fold enrichment of Mac-1 present
in an activated state, where the insert or “I”
domain in the �M subunit is in a high-
affinity ligand-binding form. This was es-
tablished by binding of conformation-
dependent antibodies or the Mac-1 ligand,
fibrinogen. These relative levels of inactive/
active Mac-1 in microparticles are thought
to depend on lipid raft constituency before
or after stimulation. This is because micro-
particles are likely derived from these mem-
brane domains, and activated Mac-1 is en-
riched in rafts following neutrophil
stimulation. There is thus a built-in differ-
ential adhesive capacity of microparticles
from unstimulated versus activated neutro-
phils to facilitate interaction with either ac-
tivated platelets (via PSGL-1/P-selectin) or
resting platelets (via active Mac-1/GPIb�),

respectively. This implies that microparticle-
dependent platelet activation occurs under con-
ditions where neutrophils are also activated; con-
versely, microparticles generated from quiescent
neutrophils (expressing inactive Mac-1) would
be limited to interacting only with activated
platelets (expressing surface P-selectin).

What, then, is the relevance of these new
findings to inflammation and thrombosis, and
is there potential diagnostic value in measur-
ing the proportion of total neutrophil-derived
microparticles expressing activated Mac-1 as a
biomarker for pathological inflammation/
thrombosis? This remains to be determined,
but the new discoveries by Pluskota and col-
leagues demonstrate a clear prothrombotic
functional pathway for this microparticle
subtype.
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Leukemia takes center (late) stage
----------------------------------------------------------------------------------------------------------------

Utpal P. Davé VANDERBILT UNIVERSITY MEDICAL CENTER

In this issue of Blood, Newrzela and colleagues present experiments that show how
mature T lymphocytes are resistant to transformation by retrovirally transduced
T-cell oncogenes.

Retroviral transduction of hematopoietic
stem cells and progenitors is used to

evaluate the function of putative oncogenes
and is a common way to deliver therapeutic
transgenes. Constitutive expression of an on-
cogene activated by nearby insertion of a retro-
viral promoter can result in a phenotype simi-
lar to sporadically occurring gain-of-function
mutations in the same oncogene. Likewise,
retroviral integration near an oncogene can
deregulate its expression, mimicking chromo-
somal rearrangements that exert the same ef-
fect in sporadically occurring leukemias. In
such experiments testing oncogene function,
the preferred target cell for retroviral trans-
duction is the hematopoietic stem cell (HSC)
because it gives long-term reconstitution of
hematopoiesis in lethally irradiated hosts and
is capable of self-renewal, an important hall-
mark of cancer. Lymphocytes are unique
among hematopoietic lineages in that they also
can self-renew.1 Then, does it follow that ma-
ture T cells are as susceptible to oncogenic
transformation as HSCs?

Newrzela et al address this question
through retroviral delivery of 3 potent onco-
genes, LIM domain Only-2 (LMO2), T-cell
Leukemia-1 (TCL1), and �-TrkA. LMO2 is
translocated to T-cell receptor loci in 5%
to10% of T-cell acute lymphoblastic leuke-
mias (T-ALL).2 Typically, these leukemias
arise from immature T cells in the thymus.
LMO2 was also deregulated in 4 cases of
gene therapy induced leukemias where the
gamma-retroviral vector insertionally acti-
vated the oncogene. TCL1 deregulation was
also originally discovered through analysis
of a recurrent chromosomal translocation in
a mature T-cell leukemia.3 �-TrkA was
cloned from a human acute myeloid leuke-
mia.4 This truncated and constitutively ac-
tive form of TrkA gives rise to myeloid and
immature T-cell leukemias when retrovi-
rally transduced into HSCs.5 In the experi-
ments detailed in the paper by Newrzela et
al, these 3 oncogenes were retrovirally trans-
duced in HSCs and mature T cells, and the
cells were subsequently transplanted into
irradiated hosts. The researchers attained
high-level expression of the transferred
genes in both target cell populations, and
transduced cells could be followed by
unique cell surface markers in RAG-
deficient recipient mice.
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The 3 oncogenes induced leukemias in
recipients of transduced HSCs, but the recipi-
ents of transduced mature T cells did not de-
velop disease. Transduced lymphocytes were
transplanted again into secondary irradiated
recipients and no leukemia was seen, even
though there was high-level expression of the
transgenes and prolonged in vivo observation,
up to 1 year in some serial transplant experi-
ments. Integration site analysis did not show
clonal selection that would suggest preleuke-
mic hyperplasia in the secondary transplanted
mature T cells. Too few retroviral insertions
were cloned for comparison of HSCs versus
mature T-cell integration patterns.

The authors conclude that mature T cells
are resistant to oncogenic transformation.
However, another interpretation for these
results is that the tested oncogenes, particu-
larly LMO2 and �-TrkA, are active in a devel-
opmental stage–specific manner. For example,
the LMO2 oncogene is frequently coexpressed
in T-ALLs with class II basic HLH proteins,
such as TAL1 with which it forms oligomeric
complexes.2 Whereas TAL1 expression is seen
in HSCs and immature T cells, the gene is not
expressed in mature T cells. This explanation

is less applicable to TCL1, which causes ma-
ture T- cell prolymphocytic leukemias. Alter-
natively, HSCs may be more prone to accumu-
lating cooperating mutations than mature
T cells, perhaps due to increased sensitivity to
replicative stress. In future studies, the retro-
viral transduction and transplantation of
HSCs and mature T cells should be tried with
a larger panel of oncogenes to test these
possibilities.
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HTLV-1 infection: role of CTL efficiency
----------------------------------------------------------------------------------------------------------------

Charles R. M. Bangham IMPERIAL COLLEGE LONDON

Phenotypic examination by Sabouri and colleagues of CD8� T cells in HTLV-1–
infected people supports genetic and immunologic evidence that an inefficient
CTL response to HTLV-1 results in a high proviral load and the inflammatory
disease HAM/TSP.

In addition to causing the aggressive CD4�

T-cell malignancy known as adult T-cell leu-
kemia, human T-lymphotropic virus type-1
(HTLV-1) causes a chronic debilitating inflam-
matory disease of the central nervous system
known as HTLV-1–associated myelopathy/
tropical spastic paraparesis (HAM/TSP) in
0.25% to 2% of infected people. HTLV-1 iso-
lates vary little in sequence, so host factors ap-
pear to be decisive in determining the risk of
HAM/TSP. The active inflammatory lesions in
the spinal cord contain mononuclear cell infil-
trates, and much research has been carried out on
the T-cell response to HTLV-1 and its possible
role in HAM/TSP.

The cytotoxic T lymphocyte (CTL) re-
sponse to HTLV-1 has been a special focus of
this work. The early indications were that the
CTL response to HTLV-1 was robust in pa-
tients with HAM/TSP.1 However, a strong,
chronically activated CTL response to
HTLV-1 was then found in asymptomatic
healthy carriers of HTLV-1 as well.2 Subse-
quent lines of evidence from the study of virus
and host genetics, gene-expression microar-
rays, and ex vivo assays of CTL function have
favored the hypothesis that the CTL response
plays a critical part in limiting HTLV-1 repli-
cation in vivo, and that genetically determined
differences in the efficiency of the CTL re-

sponse account for the observed differences
between infected individuals in the risk of de-
velopment of HAM/TSP and in the proviral
load.3 This conclusion does not exclude the
possibility that activated HTLV-1–specific
CTLs might also contribute to the tissue dam-
age seen in HAM/TSP.4

In this issue of Blood, Sabouri and col-
leagues tested the hypothesis that variation
among individuals in the efficiency of the anti–
HTLV-1 CTL response is reflected in the
expression of T-cell molecules involved in
CTL lysis (perforin, granzyme B, and CD107)
and costimulation (CD27, CD28, CD80,
CD86, CD152). The results revealed a higher
frequency of CD8� T cells that were negative
for these costimulatory molecules in patients
with HAM/TSP than in age-matched unin-
fected controls, but there was no such differ-
ence between healthy HTLV-1 carriers and
the uninfected controls. Sabouri et al also
found a significantly lower frequency of per-
forin� cells and granzyme B� cells in the
CD8� population in HTLV-1–infected sub-
jects than in uninfected controls, although
there was no significant difference between
patients with HAM/TSP and healthy
carriers.

These 2 observations suggest that the
CD8� T cells were subjected to significantly
greater antigenic stimulation in vivo in
HTLV-1–infected people, especially in
patients with HAM/TSP, leading to a dis-
charge of perforin and granzyme B and to
the characteristic loss of expression of co-
stimulatory molecules that accompanies
T-cell differentiation.

Next, making an important link between
the phenotype and the function of HTLV-1–
specific CTLs, the authors found a significant
inverse correlation between the proviral load
and the frequency of perforin� CD8� T cells
in all HTLV-1–infected people. This inverse
correlation was stronger and more statistically
significant in people with HLA-A2, which was
found in 1999 to be associated with a lower
proviral load and with protection against
HAM/TSP in southern Japan.5 Interestingly,
Sabouri et al found this negative correlation to
be statistically significant in HLA-A2� healthy
carriers alone, but not in HLA-A2� HAM/
TSP patients, suggesting that the class 1
HLA-restricted T-cell response to HTLV-1 is
more effective in healthy carriers.
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