
trauma and/or platelet count less than
10 � 109/mcL are treated, 327 children will
be treated to prevent 1 ICH, whereas treating
those with hematuria and/or head trauma
(regardless of platelet count) resulted in treat-
ing 8.5 children to prevent 1 ICH. Using this
last approach, in this cohort, none of the sub-
jects with ICH would have been missed. If this
finding is confirmed, and the benefit of treat-
ment is confirmed, it may be possible to treat a
small subgroup of children with ITP who are
at highest risk for ICH, thereby minimizing
risk to patients from overtreatment while re-
ducing cost.

Although this paper has limitations be-
cause of the nature of the study (survey study
with retrospective and prospective compo-
nents), important information about ICH and
ITP is presented. Besides presenting one of
the largest cohorts of patients with ICH, this
study shows that the incidence of ICH is low,
but morbidity and mortality from ICH remain
high. This study suggests that those patients
who present with ICH during the first week of
diagnosis do poorly, and further studies to
understand why are needed. Perhaps more
aggressive therapy for these patients would
help, but perhaps there is something about the
pathophysiology of ICH in these patients that
makes them more likely to suffer neurologic
sequelae (location of bleeding, duration prior
to presentation, size of blood collection, etc).
Could therapeutic intervention worsen the
severity of these bleeds? Does intravenous
immunoglobulin or Rho(D) immune globulin
predispose a person to either ICH or worsen a
subclinical ICH? Unfortunately, information
regarding treatment and response in relation
to the ICH was not collected in this study.
However, studies have suggested an increased
risk of thrombosis and stroke with intravenous
immunoglobulin therapy for ITP and other
indications.7,8 Further studies about the

pathophysiology of the ICH resulting in neu-
rologic sequelae versus the ICH with complete
recovery, and the temporal relationship of
ICH and previous treatment are needed.

Patients with head trauma and hematuria
(certainly) or other hemorrhage besides mild
mucocutaneous bleeding (according to other
studies and supported by the current study)
are at increased risk for developing ICH (even
if the platelet count is � 20 � 109/mcL) and
should be considered for treatment. Psaila et al
have taken steps toward understanding ICH in
ITP but further multi-institutional studies,
not only about whether or not ICH has oc-
curred but also about those hemorrhages and
the response/relationship to therapy, are
needed to answer these important questions.
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Comment on De Angelis et al, page 4784, and Brewin et al, page 4792

Arming CTLs against immunosuppressors
----------------------------------------------------------------------------------------------------------------

Patrizia Comoli FONDAZIONE IRCCS POLICLINICO SAN MATTEO

Cell therapy efficacy after organ transplantation is hampered by the detrimental
effects of pharmacologic immunosuppression on T-cell expansion and function. In
this issue of Blood, 2 independent groups describe genetic engineering of ex vivo
expanded EBV-CTLs to induce calcineurin-inhibitor resistance.

The clinical application of potent immuno-
suppressive regimens has significantly

improved solid organ transplantation (SOT)
outcome by facilitating grafting across histo-
incompatibility boundaries. Long-term graft
survival, however, has been obtained at the
expense of severe impairment in immune sur-
veillance. Consequently, over the past 2 de-
cades, an increasing incidence of infections
and secondary malignancies has been ob-
served. Among these, posttransplantation
lymphoproliferative disease (PTLD) associ-
ated with Epstein-Barr virus (EBV) infection
contributes significantly to SOT morbidity
and mortality, accounting for as much as 70%
of total malignancies in pediatric transplant
recipients due to the prevalence of EBV-
naiveté in this cohort. Conventional treatment
of PTLD, mainly based on strategies aimed at
reducing the tumor burden, such as cytotoxic
chemotherapy and B cell– directed monoclo-
nal antibodies, is still associated with either
toxicity and/or unsatisfactory response rates.1

Alternative approaches aimed at restoring
virus-specific immunity have so far been lim-
ited to a reduction in maintenance immuno-
suppression, a therapeutic strategy that has
shown some success only in early polyclonal
lesions, and may be burdened with an in-
creased risk of acute graft rejection or chronic
allograft damage.

Evidence derived from trials conducted in
recipients of hematopoietic stem cell trans-
plants indicate that adoptive transfer of
antigen-specific T cells can restore protective
immunity and control viral complications,
including PTLD.1 Recently, this strategy has
been applied in the setting of organ transplan-
tation. EBV-specific cytotoxic T lymphocytes
(EBV-CTLs), derived from patients2-4 or se-
lected from banked third-party donor CTLs
on the basis of the best HLA class I antigen
match,5 were shown to be effective in prevent-
ing PTLD onset or controlling established
disease also in SOT recipients receiving life-
long maintenance immunosuppression. How-
ever, although clinical evidence is only pre-
liminary, response rates are not as encouraging
as in the HSCT cohort,5 and follow-up data, as
might be expected, indicate that the trans-
ferred EBV-CTLs do not persist long-term.3-5

To achieve clinical efficacy in case of dis-
seminated PTLD, it has been proposed to
deliver EBV-CTLs at completion of ritux-
imab/chemotherapy treatment, while patients
are temporarily off immunosuppression.6 As
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an alternative elegant approach, in this issue of
Blood, 2 independent groups have succeeded
in generating EBV-CTLs resistant to cal-
cineurin inhibitors, pharmacologic agents
that represent the cornerstone of immuno-
suppressive therapy used to prevent immune-
mediated allograft damage. The drugs
cyclosporine-A (CsA) and tacrolimus (FK506)
exert their immunosuppressive function by
binding to cyclophilin (CyPA) and FK bind-
ing protein-12 (FKBP-12), respectively.
The complexes thus created prevent the
calcium-sensitive phosphatase calcineurin
from binding to the transcription factor
NFAT, thus inhibiting activation of cytokine
genes in T cells. To counteract these immuno-
suppressive effects, De Angelis and colleagues
knocked down the expression of FKBP-12 in
EBV-CTLs using a specific small interfering
RNA stably expressed from a retroviral vector
and found that FKBP-12–silenced EBV-
CTLs are FK506-resistant in vitro, and in
vivo in a xenograft model.7 Brewin and col-
leagues focused on the interaction between
calcineurin and the complexes FK506/CsA-
immunophilins. They produced calcineurin
mutants at key amino acid residues for binding
of either or both FK506 –FKBP-12 and CsA-
CyPA, or, in an alternative approach, mutated

FKBP-12 to disrupt its interaction with cal-
cineurin, and demonstrated that EBV-CTLs
expressing such mutants retain the ability to
proliferate and secrete interferon-� in vitro in
the presence of therapeutic levels of FK506
and/or CsA.8

Although these results are promising,
hurdles may still stand in the way of successful
prophylaxis or treatment of EBV-PTLD after
SOT. In addition to limitations common to
other clinical settings, such as antigen and
cytokine milieu dependency, and tumor es-
cape mechanisms, allograft recipients usually
receive combined pharmacologic immunosup-
pression, including mycophenolate and ste-
roids in addition to calcineurin inhibitors.
Therefore, in vivo persistence and expansion
of transferred T cells in SOT recipients could
require resistance to multiple classes of immu-
nosuppressors. Notwithstanding the envi-
sioned obstacles, the strategy described in this
issue of Blood represents a significant techno-
logical advance for the field of cellular therapy
that could reduce the morbidity and mortality
associated with PTLD (and other viral infec-
tions) in patients with iatrogenic immune
deficiency.
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