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Response

Cautious interpretation of assessment of AID variant activities using cells with endogenous
AID expression

In their correspondence, although van Maldegem and colleagues
confirmed much of what we reported,1 they concluded instead that
activation-induced cytidine deaminase (AID) splicing variants
were nonfunctional. They first used a green fluorescence protein
(GFP) reversion assay and demonstrated that AID variants can
mutate this construct permitting GFP expression. However, they
also found that various anticipated negative controls exhibited
activity, prompting them to conclude that AID variants are nonfunc-
tional. Regarding the interpretation of these results, it was not clear
to us if they were challenging our results by concluding that AID
variants were functionally inactive, or if they were questioning the
accuracy of the assay itself. We believe it is difficult to interpret
results emerging from experimentation in which the negative
controls behave unexpectedly. Indeed, if their assertion is correct, it
is reasonable that one should also be skeptical about the functional-
ity of the full-length AID protein (AID-FL). We agree there is merit
in use of alternative negative controls provided they are shown to
indeed qualify as true negative controls.

The authors also provide evidence that GFP reversion frequency
correlates with the expression level of yellow fluorescence protein
(YFP), and that YFP also acquired mutations which would be an
artifact, possibly contributing to the GFP� population. The authors
argue this may be further evidence that the GFP assay is not reliable
in their hands and further suggest endogenous AID may be active in
the NIH 3T3 cells used in their assay. Based on the presence of
endogenous AID expression alone, we think the assay used under
their conditions appears to be problematic. However, whether this
is specific to an NIH 3T3–based assay in general or is unique in this
case due to some unexpected contamination remains to be seen.
However, our assay uses the mouse pre–B-cell line 70Z/3, and
these cells do not express any detectable endogenous AID2,3

thereby lessening the possibility this was an issue in our system.
The authors also used an in vitro deamination assay that showed

bacterially expressed AID variants did not display any detectable
activity, whereas AID-FL did. It remains possible that the lack of
activity displayed by the variants reflects instead a lack of proper
protein folding or alterations in the specificity for the synthetic
DNA substrate. Most importantly, although this assay has been
used in several publications, its relevance to the in vivo function of

AID proteins remains largely unknown. Indeed, other investigators
recently set out to specifically address this question and concluded
that “DNA deamination activity does not represent the physiologi-
cal function of AID.”4

Finally, because intracellular localization of AID may spatially
regulate the function of AID protein in cells the authors used
localization studies to argue that because AID-ivs3 and AID-dE4
did not undergo nucleocytoplasmic shuttling like AID-FL, this is
additional evidence that AID variants are functionally inactive. We
believe it is problematic to view AID localization as a surrogate
measure of activity because localization and deaminase activity are
each dictated by their specific sequences. It is also worth noting that
we only minimally tagged FL-AID and its variants with a
10-amino-acid Flag epitope, which differs considerably from the
238-amino-acid GFP protein used by the authors. Actually, the
dissonant localization of N-terminally and C-terminally tagged
AID or its variants observed by the authors suggests that those
proteins are altered by the GFP tag.
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To the editor:

C/EBPA methylation is common in T-ALL but not in M0 AML

The CCAAT/enhancer binding protein � (C/EBPA) is a stage-
specific transcription factor that controls proliferation and differen-
tiation toward a myeloid and against a T-lymphoid fate.1 Noncondi-
tional targeted disruption of C/EBPA leads to a selective early
block to granulocyte maturation,2 similar to that observed in acute

myeloid leukemia (AML), without affecting other hematopoietic
lineages. The function of C/EBPA can be inhibited by several
mechanisms in AML, including mutation,3 (post)transcriptional
modulation,4 posttranslational inhibition,5,6 and, more recently,
epigenetic modification of C/EBPA expression.7 Recently, Wouters

1864 CORRESPONDENCE BLOOD, 19 FEBRUARY 2009 � VOLUME 113, NUMBER 8

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/113/8/1864/1488426/zh800809001864a.pdf by guest on 02 June 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2008-09-176909&domain=pdf&date_stamp=2009-02-19


et al,8 using a bisulfite genomic sequencing method, defined a novel
specific subgroup of AML with C/EBPA silencing by methylation
(C/EBPAmeth) and T-lymphoid features (expression of cytoplasmic
[c] CD3 and CD7 transcripts, T-cell receptor � [TCR�] rearrange-
ment, and NOTCH1 mutation [NOTCH1m]).

We initially searched for C/EBPAmeth by methylation-specific
polymerase chain reaction (MSP), as described by Chim et al,7

in 5 AML with down-regulated C/EBPA by transcriptional
profiling, and confirmed that the 3 cases (French-American-British
[FAB]–M0/M1) with C/EBPAmeth demonstrated cCD3 (n � 1), CD7
(n � 3), and/or TCR� (n � 1) rearrangement. The specificity of the
MSP was investigated by DNA sequencing, which showed the
expected patterns of bisulfite-induced changes, in keeping with
the cases described by Wouters et al.8 To further investigate
C/EBPAmeth in early T and myeloid acute leukemia, we searched for
C/EBPAmeth and mutation and NOTCH1m in 99 T-ALL. Diagnosis
of T-ALL was based on European Group for Immunophenotyping
of Leukemia (EGIL) criteria and expression of cCD3 and CD7.
TCR-based classification of T-ALL9 was performed centrally at
Necker-Enfants Malades Hospital (Paris, France), using at least
cCD3, CD3, TdT, CD2, CD5, CD7, CD1a, CD4, CD8, TCR��,
TCR�	, �F1, CD34, CD117, CD13, CD33, MPO, CD10, CD19,
and cCD79a antibodies. No C/EBPA mutations were found, but
37/99 (37%) demonstrated C/EBPAmeth and 47/90 (52%) NOTCH1m.
The stage of maturation arrest and immunophenotype of T-ALLs as
a function of their C/EBPAmeth status is detailed in Tables 1 and 2,
respectively. C/EBPAmeth was relatively rare in the most immature
T-ALL (IM0) with no evidence of TCR rearrangement (12%) and
in mature sTCR��� cases (11%) compared with all other catego-
ries (34/73; 47%). C/EBPAmeth T-ALL expressed CD117 more
frequently (P � .022) and CD2 (P � .001) less frequently but did
not differ significantly from non-C/EBPAmeth T-ALL with respect to
expression of CD13, CD33, CD34, CD56, CD123, CD1a, CD4,
CD8, or CD10. Biphenotypic acute leukemia (AL), defined by an
EGIL score greater than 2, was seen in 1 C/EBPAmeth and 1
non-C/EBPAmeth cases. NOTCH1m were seen in 63% of C/EBPAmeth

T-ALLs, compared with 47% of non-C/EBPAmeth cases (P � .14).
In contrast to T-ALL, C/EBPAmeth was found in only 1 of

49 immature cCD3-negative AML (FAB M010); this case was also
CD7-positive. None of the 49 AML M0 expressed NOTCH1m.

These data demonstrate that C/EBPAmeth is common in T-ALL
but not in M0 AML. It cosegregates with cCD3 expression and
the onset of TCR rearrangements and is common at all stages of
maturation arrest other than IM0 and TCR�� T-ALL. As such it
is a marker of neither immaturity nor “myeloid lineage/
biphenotypic acute leukemia” and is virtually specific to T-ALL
with the context of acute T/myeloid leukemia. Distinction of
AML from early T-ALL is essentially based on detection of

cCD3, which can be difficult to standardize in a multicenter
setting. Detection of C/EBPAmeth could potentially be used as an
alternative, although methylation-specific PCR may not be
easier to standardize. Since C/EBPAmeth was not seen in most
T-ALL, other mechanisms of silencing must be operational.
These data also raise issues regarding AML versus ALL protocol
assignment and the use of demethylating agents in T-ALL. They
also suggest that the potentially misleading “biphenotypic
leukemia” label be reassessed.
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Total IM0 IM� IM� IM� TCR�� PRE�� TCR��
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Non-C/EBPAmeth 62 7 4 6 5 8 16 16

IM indicates immature, cTCR�-negative T-ALL; TCR, T-cell receptor; and PRE-��, cTCR� expression in absence of a surface TCR.

Table 2. C/EBPAmeth status of 99 T-ALLs as a function of their immunophenotype

CD117 CD2 CD13 CD33 CD34 CD56 CD123 CD1a CD4 CD8 CD10

C/EBPAmeth 17* 53* 12 22 29 9 18 49 58 35 38

Non-C/EBPAmeth 3* 84* 18 13 42 14 20 40 51 52 30

Numbers represent the percentage of positive cases for each antibody tested.
*P 
 .05.
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Response

CEBPA promoter hypermethylation in a subset of myeloid/T-lymphoid leukemias with a
distinct gene expression profile

With great interest we have read the letter by Terriou and
coworkers, who have performed an extensive survey of CEBPA
CpG promoter hypermethylation in T-ALL as well as in a selection
of immature acute myeloid leukemia (AML) cases. This study
relates to our previous work in which we identified hypermethyl-
ation of the proximal CEBPA promoter in a small subset of AMLs
with low CEBPA mRNA.1 It should be noted that the patient group
we described was not primarily defined by CEBPA promoter
hypermethylation. Instead, those cases were studied because they
exhibited a unique gene expression profile. In addition to this most
discriminating feature, the leukemic blasts coexpressed CD34 and
T-cell antigens with myeloid markers, frequently carried NOTCH1
mutations, and expressed the transforming gene TRIB2.1,2 Using a
predictive gene expression signature in an independent cohort of
AML, we identified genetically and immunophenotypically similar
cases with silenced CEBPA.

In the present study, Terriou et al found CEBPA promoter
hypermethylation in 4/54 AML cases. These 4 cases all revealed
one or more T-cell characteristics (cCD3, CD7, and/or TCRG
rearrangement) and may therefore resemble the leukemias we
described. In T-ALL, the investigators found CEBPA promoter
hypermethylation more frequently, in 37/99 cases. Importantly,
however, only a minority of those T-ALLs with methylated CEBPA
coexpressed myeloid surface markers (CD13 and/or CD33) and
CD34. The findings of Terriou et al therefore indicate that CEBPA
proximal promoter hypermethylation in combination with an
immature myeloid/T-lymphoid immunophenotype is generally rare

in acute leukemia, and can be found in a small percentage of AML
as well as in a small fraction of T-ALL. It will be important to apply
gene expression profiling to these cases to fully assess their
relationship with the leukemias that we described previously.

Together, these observations highlight the challenges in classify-
ing particular acute leukemias as AML, ALL, or a unique entity. We
believe that studies as the one performed by Terriou et al will be
instrumental in obtaining a better understanding of this topic. Gene
expression profiling applied to these AML and T-ALL cohorts will
clearly be of added value. Combining data from multiple research
groups will be a requirement to address important questions
regarding prognosis, and should help to evaluate according to
which protocols these relatively small patient groups are best
treated.
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To the editor:

JAK2-V617F–triggered preemptive and salvage adoptive immunotherapy with
donor-lymphocyte infusion in patients with myelofibrosis after allogeneic stem cell
transplantation

Primary myelofibrosis is a myeloproliferative disease, and results
of conventional treatment remain unsatisfactory.1,2 Allogeneic stem
cell transplantation after dose-reduced conditioning has become a
reasonable, curative treatment option.3,4 Single case reports about
successful donor lymphocyte infusion (DLI) for relapsed patients
provided evidence of a graft-versus-myelofibrosis effect.5-7 Here,
we report on 17 patients with either myelofibrosis (n � 16) or
secondary AML post myelofibrosis (n � 1) and a median age of
52 years (range, 32-63 years) who received DLI from related
(n � 5) or unrelated (n � 12) donor, either for clinical relapse
(salvage DLI; n � 9) or residual disease monitored by JAK2
mutation level in peripheral blood (preemptive DLI; n � 8).
Details are summarized in Table 1. One patient (no. 9) received
DLI twice: once for molecular residual disease and once for
reappearance of molecular disease. Sixteen patients were JAK2-
V617F–positive. The median time from transplantation to first DLI

was 269 days (range, 127-1570 days). The median percentage of
JAK2V617 mutation level in peripheral blood before first DLI was
6.2% (range, 0.2%-72.8%) and significantly higher in patients with
clinical relapse than with molecular relapse (24.7% vs 0.37%;
P � .03). The median cell dose of the first DLI was 106 CD3� cells
per kilogram of body weight (BW; range, 0.5-9 � 106 cells/
kg BW). Two patients received as first DLI CD4-selected T cells
(5 � 106 CD4� cells/kg BW). Second and subsequent half-log–
increased DLI were given if no graft-versus-host disease (GVHD)
and no significant response were observed. The median interval
between the first and the second DLI was 103 days (range,
43-661 days). The response to DLI for relapsed patients was
determined by the response criteria of the International Working
Group,8 and for residual disease by quantitative real time JAK2-
V617F polymerase chain reaction (PCR) performed from genomic
DNA from peripheral blood as recently described.9 The sensitivity
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