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To the editor:

KIR3DL2 is a coinhibitory receptor on Sézary syndrome malignant T cells that promotes
resistance to activation-induced cell death

Sézary syndrome (SS) is an aggressive leukemic and erythrodermic
variant of cutaneous T-cell lymphoma characterized by the presence
of a clonal T-lymphocyte population in the skin, lymph nodes, and
peripheral blood. We previously reported that KIR3DL2 represents
a specific cell surface marker for the evaluation of the circulating
tumoral burden and the follow-up of patients with SS.1,2 KIR3DL2
is a member of the killer cell immunoglobulin (Ig)-like receptor (KIR)
family for which ligand specificity was assigned to HLA-A3 and
HLA-A11 through a peptide-specific interaction,3 was assigned to
HLA-B27 homodimer through a peptide-independent recognition,4

and more recently was assigned to CpG oligodeoxynucleotides.5

Although the molecular mechanisms governing inhibitory KIR
(KIR-L) functions in natural killer or cytotoxic T lymphocytes are
well documented,6,7 almost no data are available regarding their
functions in CD41 T cells. We previously established that KIR2DL1/
L2 could provide coinhibitory signals on the CD3-mediated activation
and proliferation processes of circulating CD41 T cells from healthy
individuals.8 Given the specific expression of KIR3DL2 by SS
patients’ malignant cells, we investigated its function in Sézary
cells with a focus on its possible influence on mechanisms resulting

Figure 1. KIR3DL2 inhibitory function on SS patients’ malignant T-cell clone. (A) Sorted CD41 T cells from SS patients were left untreated (2) or incubated with

anti-KIR3DL2 monoclonal antibody (mAb) AZ158 plus goat anti-mouse IgG antibodies or with the phosphatase inhibitor vanadate. Cell lysates were prepared and

subjected to immunoprecipitation using the anti-KIR3DL2 mAb AZ158. The immunoprecipitates were separated by SDS-8% PAGE, transferred onto a nitrocellulose

membrane, and then probed in series with anti-phosphotyrosine (Tyr) and anti-SHP-1 antibodies. Arrows indicate the position of phosphorylated KIR3DL2 and SHP-1.

Results shown (patient 2) are representative of all patients tested (n 5 3). (B) Sorted CD41 T-cells from SS patients were incubated with anti-CD3e or/and AZ158

mAb, as indicated. An isotype-matched control mAb was used to equalize the amount of antibodies used in each condition. Cross-linking was induced by the addition

of goat anti-mouse Igs except for resting condition (NT). After lysis, the antibody-targeted molecules were collected and the resulting immunoprecipitates subjected

to electrophoresis and western blotting procedures. The immunoblot was revealed with an anti-phospho-CD3z mAb (upper panel) and was reprobed after

dehybridization using an anti-CD3z mAb (middle panel). CD3e immunoblotting was performed to assess efficient cell targeting and immunoprecipitation (lower

panel). Arrow indicates the position of phospho-CD3z. Results shown (patient 3) are representative of all patients tested (n 5 3). (C) Peripheral blood mononuclear

cells from SS patients were preloaded with carboxyfluorescein diacetate succinimidyl ester (CFSE) and left untreated (NT) or stimulated with platebound anti-CD3e
and AZ158 mAb alone or in combination, as indicated. After 4 days of culture, cells were collected and immunolabelings performed using anti-TCRVb-PE, anti-CD3-

PE-Cy5, and anti-CD4-PE-Cy7 mAb. The percentages of dividing cells among the malignant (left) and the nonmalignant (right) CD41 T-cell populations are

presented. Results shown corresponded to patient 3, whose tumoral clone was identified as TCR-Vb141, and are representative of experiments performed on 3 SS

patients. (D) Peripheral blood mononuclear cells of SS patients were activated as described for panel C for 6 days. After immunostaining with anti-CD3-FITC, -TCRVb-PE, and

-CD4-PE-Cy7 mAbs, and 7-AAD, cells were analyzed by flow cytometry. The percentage of 7-AAD1 apoptotic cells within the malignant (left) and the nonmalignant (right) CD41

T cells is indicated for each condition of incubation. Results shown (patient 5, with a TCR-Vb91 malignant clone) are representative of experiments performed on 3 SS patients.

Ig (H) and (L), Ig heavy and light chain; NT, nontreated.
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in previously described impaired activation and resistance to
apoptosis.9 To this aim, we selected untreated SS patients (n 5 6)
presenting a high blood tumor burden (more than 90% of malignant
cells within their CD41 T-cell population) and identifiable TCR-Vb
rearrangement of their tumoral T-cell clone by immunolabeling.

KIR-L proteins deliver negative signals through the phosphor-
ylation of their intracellular immunoreceptor tyrosine-based
inhibition motif and their subsequent interaction with SH2-domain-
containing phosphatase 1 (SHP-1).10 In sorted CD41 cells of SS
patients, we observed that KIR3DL2 engagement (achieved by
using the anti-KIR3DL2 mAb AZ158) is not by itself sufficient to
elicit receptor phosphorylation and association to SHP-1, ruling
out a fully independent receptor function for KIR3DL2 in this
cellular context (Figure 1A). Nevertheless, vanadate treatment
led to an increased tyrosine phosphorylation of KIR3DL2 and
its consecutive interaction with SHP-1 (Figure 1A), showing its
structural and functional integrity in Sézary cells. We therefore
investigated its potential function as a T-cell coreceptor by testing
its influence on CD3-mediated intracellular events. Under coligation
conditions, KIR3DL2 engagement on Sézary cells resulted in a
strong inhibition of the CD3-induced phosphorylation of CD3z
(Figure 1B). This lower level of phosphorylation was not the
result of a less efficient immunoprecipitation of CD3z or a lower
targeting of CD3e in the presence of AZ158 mAb, as both CD3
molecules were equally recovered in all immunoprecipitates
(Figure 1B).

Previous studies established that the accumulation of Sézary
cells was not a result of increased proliferation but rather reflected
a resistance to apoptosis and particularly to activation-induced
cell death (AICD).9 This prompted us to analyze further the con-
sequences of KIR3DL2 triggering on the process of Sézary cells’
CD3-dependent proliferation and cell death. Time-course experi-
ments were performed to ensure detection of maximal levels of
cell growth or AICD (reached after 4 and 6 days of treatment, re-
spectively). In our experimental settings, Sézary tumor cells were
defined as CD31CD41Vb1KIR3DL21 cells, whereas the non-
tumoralCD41Tcellswere identified asCD31CD41Vb2KIR3DL22

cells. As expected from previous reports, the malignant T-cell clone
displayed a lower proliferation level than the nonmalignant T cells
on CD3 targeting (Figure 1C). However, a nearly complete inhibition
of the tumor cells’ proliferation was observed on coligation of
KIR3DL2, whereas at the same time the nontumoral cells’ growth
was not affected (Figure 1C). Furthermore, the CD3-mediated ap-
optosis of SS patients’ tumoral T-cell clone was strongly inhibited
on coengagement of KIR3DL2 with AZ158 mAb (Figure 1D left
panels). In contrast, the CD3-dependent AICD of the nonmalignant
CD41 T cells was unmodified in the presence of AZ158 mAb
(Figure 1D right panels). Note that similar results were obtained at
all tested anti-CD3 mAb concentrations leading to proliferation,
and that KIR3DL2-dependent inhibition specificity was confirmed
by dose-response experiments using increasing amounts of anti-
KIR3DL2 mAb (data not shown). Altogether our data demon-
strated that KIR3DL2 acts as an inhibitory coreceptor in Sézary
cells given its ability to downmodulate CD3-dependent early sig-
naling events. These results agreed with our previous studies on
KIR2DL1/L2 function in normal T cells, suggesting that, in Sézary
cells, KIR-L-derived pathways rely on a regulation process distinct
from the one described in natural killer lymphocytes8 and require
the generation of T-cell receptor (TCR)/CD3-mediated early activa-
tion signals. In addition, our data provide evidence for a possible role
of KIR3DL2 in the maintenance of a high circulating malignant-cell
burden by preventing AICD.
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Institut National de la Santé et de la Recherche Médicale U976,

Onco-Dermatology, Immunology and Cutaneous Stem Cells,

Paris, France

University Paris Diderot, Sorbonne Paris Cité,
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Institut National de la Santé et de la Recherche Médicale U976,

Onco-Dermatology, Immunology and Cutaneous Stem Cells,

Paris, France

University Paris Diderot, Sorbonne Paris Cité,
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To the editor:

Nongenetic stochastic expansion of JAK2V617F-homozygous subclones in polycythemia vera?

The JAK2V617Fmutation is found inmostpatientswithpolycythemia
vera (PV) and 50% to 60% of those with essential thrombocythemia
(ET). JAK2V617F-homozygous precursors arise through mitotic
recombination, form larger clones in PV compared with ET,1 and
may play a causal role in PV phenotypes.2,3 However, acquisition
of homozygosity is not sufficient to cause PV, because many ET
patients also harbor homozygous-mutant clones1 and several stud-
ies have suggested that JAK2V617F, especiallywhen homozygous,
may not confer an advantage to hematopoietic stem cells (HSCs).3-5

Moreover, many PV and ET patients have multiple independently
acquired homozygous-mutant clones,withmost remaining small.1 PV
is distinguished from ET by expansion of 1 dominant JAK2V617F-
homozygous subclone.Herewe investigatedwhether subclone expan-
sion reflects acquisition of additional genetic lesions conferring a clonal
advantage.

We studied 2 patients with chronic-phase PV (see supplemental
Table 1 on the Blood Web site) and large JAK2V617F-homozygous
clones.1 Genotyping of burst-forming unit-erythroid (BFU-E) colonies
for JAK2V167F and microsatellite markers (as previously described1)
demonstrated that both patients had 3 detectable JAK2V617F-
homozygous subclones, 1 of which was 9 to 15 times larger than
minor subclones in the same patient (Figure 1A). Serial assays
confirmed that these subclones persisted for approximately 2 years
and that the dominance of 1 subclone remains stable (Figure 1B). To
investigate whether this dominance arose in HSCs or later progenitors,
we isolated highly purified hematopoietic progenitors from patient
PV1 (supplementalMethods). Colony genotyping demonstrated that the
major JAK2V617F-homozygous subclone in BFU-Es also predomi-
nated in HSCs, common myeloid progenitors, granulocyte-monocyte
progenitors, and megakaryocyte-erythroid progenitors (Figure 1C),
suggesting that this dominance arose early in hematopoiesis.

Exome sequencing (supplemental Methods) was next performed
to search for mutations present inmajor, but not minor, JAK2V617F-
homozygous subclones. High tumor-burden samples were used
to maximize mutation detection. Variant validation and colony
genotyping were performed by capillary sequencing. For PV1,
granulocyte DNA (JAK2V617F allele burden 99%) was used for
exome sequencing and validation of somaticmutations in 8 genes plus
JAK2V617F (Figure 1D; supplemental Table 2). Of these, the exact
nonsense variant in transcriptional repressor GATAD2B has been
identified in 3 patients with acute myeloid leukemia, whereas none of
the other genes is recurrently mutated in myeloid malignancies.6

The GATAD2B mutation was detected in the major JAK2V617F-
homozygous subclone but also in 1minor JAK2V617F-homozygous
subclone (C), together with a subset of JAK2V617F-heterozygous
colonies (Figure 1D).

For PV2, granulocyteDNAhad a low tumor burden (JAK2V617F
allele, 18.1%), reducing the sensitivity of exome sequencing. To

circumvent this issue, we pooled BFU-E colonies from subclones
A and B and performed independent exome sequencing on these
subclones. Variants identified in both (supplemental Table 3) were
not pursued. Of the variants in subclone A alone, 5 mutations (plus
JAK2V617F) were validated by capillary sequencing (Figure 1E-F;
supplemental Table 2). Of these genes, BCOR shows recurrent frame-
shift mutations in acute myeloid leukemia and myelodysplasias,7

whereas the others are not recurrently mutated in hematological
malignancies.6 The hemizygous BCOR mutation was detected in
the dominant subclone A but also in a subset of colonies from
minor subclone B (Figure 1E-F).

In summary, the dominant JAK2V617F-homozygous subclone in
both PV patients harbored a mutation in an additional gene that is
mutated in myeloid malignancies. Interestingly, both GATAD2B and
BCOR are transcriptional repressors associated with the Mi-2/NuRD
complex,8,9 raising the possibility that aberrant histone deacetylation
is advantageous to JAK2V617F-homozygous cells. However, both
mutations were also present in a minor JAK2V617F-homozygous
subclone and cannot account for the dominance of the larger clones.

Our results therefore indicate the absence of known “driver”
mutations specific for the dominant JAK2V617F-homozygous sub-
clone. Expansion of the latter may nonetheless reflect genetic dif-
ferences between dominant and minor subclones. For example, we
cannot exclude additional mutations in regions poorly covered by
exome sequencing, epigenetic differences, or disadvantageous muta-
tions in theminor subclones.Alternatively, othermutations restricted to
the dominant subclonesmay represent rarelymutated cancer genes,
or extension of 9p LOH could provide an advantage in certain cases
(eg, PV1). However our data raise the alternative possibility that in
at least some patients, nongenetic stochasticmechanisms may favor
individual subclones by chance and establish long-term subclone
dominance. In this scenario, subclone expansion would not require
a genetic advantage but instead may reflect the unique combination
of environmental inputs experienced by a particular stem cell.10
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