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Identification of a leukemic counterpart of the plasmacytoid dendritic cells

Laurence Chaperot, Nathalie Bendriss, Olivier Manches, Rémy Gressin, Marc Maynadie, Franck Trimoreau, Hubert Orfeuvre,
Bernadette Corront, Jean Feuillard, Jean-Jacques Sotto, Jean-Claude Bensa, Francine Briére, Joél Plumas, and Marie-Christine Jacob

This work aims to demonstrate that kin-3 receptor « chain (IL-3R «), HLA-DR,  phoid origin. In addition, malignant cells
CD4*CD56* malignancies arise from and CD45RA. Tumor cells produce inter- express significant levels of CD56 and gran-
transformed cells of the lymphoid-related feron- a in response to influenza virus, zyme B. Overall, those observations sug-
plasmacytoid dendritic cell (pDC) subset. while upon maturation with IL-3 they be- gest that CD4 +*CD56+ leukemic cells could
The analysis of malignant cells from 7 come a powerful inducer of naive CD4 *  represent the malignant counterpart of
patients shows that in all cases, like pDCs, T-cell proliferation and promote their T- pDCs, both of which are closely related to B,
leukemic cells are negative for lineage helper 2 polarization. As pDCs, leukemic T, and NK cells. (Blood. 2001;97:3210-3217)
markers CD3, CD19, CD13, CD33, and cells also express pre-T « and lambda-like

CD11c but express high levels of interleu- 14.1 transcripts, arguing in favor of a lym- © 2001 by The American Society of Hematology

Introduction

Several reports in the literatdré describe unusual and rareCD80 and CD86 are absent or I§WRecently, pDCs have also been
hematopoietic tumors expressing CD4 and CD56, without CD8emonstrated to contain messenger RNA (MRNA) for pxeld
CD19, CD13, and CD33 conventional lineage markers, and nodnrd lambda-like 14.%, further arguing in favor of a lymphoid
or B-cell receptor gene rearrangement. Clinically, these cases argin. They also are highly prone to spontaneous apoptosis, with
characterized by a rapid aggressive course, an extranodal aedsurviving cells after 3 days in culture medidralowever, they
notable skin involvement, and a frequent evolution toward an overan be partly rescued by IL-3 or GM-C8F:14At an immature
leukemia. The possible existence of a new entity has been raisstdge, they have been recognized as the most powerful interferon
but the origin of the tumor cells has not yet been resolved, even(iFN)-a—secreting cells in response to virude¥ suggesting a
they have occasionally been classified d&natural killer (NK)3°  primary role in innate immunity. Furthermore, they display poor
or myeloic® precursors. In fact, after comparison of their phenotypendocytic capacif* and poor ability to stimulate allogeneic T
with that of all known hematopoietic cells, we postulated that theggmphocytesi3 However, in vitro—induced IL-3, CD40L, or virus
cells are related to the newly characterized plasmacytoid dendritiaturation of pDCs confer them the ability to stimulate T-
cell (pDC)8 lymphocyte proliferatior§:1321.22 This characteristic property re-
The pDCs are members of the heterogeneous dendritic cglilts from an increased expression of markers involved in antigen
family that could be derived from human bone marfomnd presentation like HLA class Il and costimulation (CD40, CD80,
thymug01tlymphoid-restricted progenitors. They have been identcD86)821-22Matured pDCs display typical dendrites upon CD40L
fied in peripheral bloot#** and in T-cell areas of tonsifklymph activation®13 Depending on the activation mode, pDCs can either
nodes'® and thymug®1” The pDCs not only have a typical cause naive CD4 T cells to preferentially produce T helper
morphology?12 but they also have characteristic phenotypic fegTh)12%22 or, with a more or less pronounced polarization, Th2
tures such as expression of CD4, HLA-DR, and CD45RA whileytokines!>19They could potentially be implicated in the induction
they are lacking myeloid-related antigens CD11lc, CD13, araf an antiviral immunity or in peripheral tolerance either against
CD3381518They are devoid of lineage-associated markers such sal?® or allogeneié* antigens.
CD3, CD14, CD19, and CD56, but CD2, CD5, and CD7 have Inthe present work, we identify CD4CD56', CD3~, CD13",
occasionally been observéd® Noteworthy, they express a low CD33", and CD19 tumor cells from 7 patients as members of the
level of granulocyte-macrophage colony-stimulating factor recepbC family, and we demonstrate that they retained many pheno-
tor a chain (GM-CSFR) (CD116) and high level of interleukin-3 typic and functional properties of their normal counterpart. We also
receptora chain (IL-3Rx) (CD123)151%and this latter marker has show that they share some markers with T, B, and NK cells,
been used to identify them in sit&!6 Costimulatory molecules suggesting a relation to lymphoid lineage.
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DCs obtained after a 6-day culture in GM-CSF and IL-13 (Sanofi, gape
France) (mo-DCs) using MasterPure RNA purification kit (Epicentre
Technologies, Madison, WI) according to the manufacturer’s instructions.
Patients and isolation of tumor cells First-strand complementary DNA was prepared using oligo(dT) primers
(Pharmacia, Uppsala, Sweden) and Superscript RNase-H reverse transcrip-
Seven patients (6 men and 1 woman from 8 to 86 years of age, m&n tase (Gibco BRL, Gaithersburg, MD). Polymerase chain reaction (PCR)
years) with a CD2CD56" leukemia are included in this study. They allwas performed in a DNA thermal cycler (PE Applied Biosystems, Foster
reveal massive bone marrow infiltration, either at diagnosis or duringity, CA) for 35 cycles (1 minute of denaturation at 94°C, 1 minute of
follow-up, and evolution toward an overt leukemia within a few monthsannealing at 55°C for lambda-like 14.1 and granzyme B, or 60°C for
Extranodal localizations are always observed (mainly skin, but also lung,3Ra, FasL, pre-&, perforin, CD56, and 2 minutes of elongation at
mucosa, or central nervous system), whereas lymph node or spleen zrec) with ampliTaq enzyme and buffer (Gene Amp PCR reagents kit, PE
involved in 4 cases. At the time of diagnosis, cytopenia was observed in 6&iplied Biosystems, Foster City, CA), dNTPS at 10 mM (PE Applied
7 cases (anemia 4 of 7, thrombopenia 4 of 7, and neutropenia 4 of 7). Thesgsystems, Foster City, CA), and dimethyl sulfoxide at 5% final concentra-
7 cases are part of a larger series of 19 patients sharing the same clinicaltgsifl Thep-actin mMRNA amplification was performed for 28 cycles at 60°C
biological characteristics (J. Feuillard, et al, unpublished data, 200@h the complementary DNA as positive control of reaction efficiency. The
Tumor cells were obtained from peripheral blood, bone marrow, or lymgitimers used were as follows: IL-83Rsense: 5ATGCCGACTATTCTAT-
nodes at diagnosis or relapse, as previously descffit] cryopreserved. GCCG-3, antisense: 5TGTCTCTGACCTGTTCTGTG-3; lambda-like
They represented from 50% to 98% of the mononuclear cells. Thus, they 1 (sense:’5SATGCATGCGGCCGCGGCATGTGTTTGGCAGC!3an-
were purified by immunomagnetic negative selection in 3 cases (patiefitgnse: 5ATCCGCGGCCGCATCGATAGGTCACCGTCA-AGATT-3;
CAD, CAT, and GUE, the initial percentages of tumor cells being 50%pre-To. (sense: 5GGCACACCCTTTCCTTCTCTG-3 antisense: 5
60%, and 80%, respectively) with anti-CD20, -CD14, and -CD3 monoclisCAGGTCCTGGCTGTAGAAGC-3; FasL (sense: 5GGATTGGGC-
nal antibodies (mAbs) (Beckman Coulter Immunotech, Marseille, FrancerGGGGATGTTTCA-3, antisense: 5TTGTGGCTCAGGGGCAGGTT-
and beads (Dynal, Olso, Norway) according to the manufacturer’s instrugTTG-3); perforin (sense: 5CAGGTCAACATAGGCATCCA-3, anti-
tions. Depletion of beadbound cells resulted in 90% to 99% purity agnse: 5CGAGTTTACCCAGGCTGAGT-3); granzyme B (sense:’5

Patients, materials, and methods

determined by flow cytometry. ACCTCTCCCAGTGTAAATCT-3, antisense: 5GCGGTGGCTTCCT-
GATACAA-3'); CD56 (sense: 5GAGATCAGCGTTGGAGAGTC-3,
Effect of cytokines on cell viability antisense: 5AAGAGTGACCTGCTCCTCTA-3); B-actin (sense: 5

GTCCACCTTCCAGCAGATGT-3, antisense: 5CAATGCTATCACCTC-
CCTG-3). Reverse transcriptase (RT)-PCR products for lambda-like
.1, pre-&, and granzyme B have been cloned and sequenced and

corresponded to the sequences reported in public data bank (not shown).

A total of 10 purified tumor cells were seeded in 2QQ RPMI 1640
(Gibco Life Technology, Cergy Pontoise, France) supplemented with 1 m
sodium pyruvate, 2 mM L-glutamine, 100 U/mL penicillin, 10@/mL
streptomycin, nonessential amino acids (referred toomsplete medium
and 10% fetal calf serum. The effect of IL-2 (50 U/mL, gift from Roussel

Uclaf, Romainville, France), IL-3 (10 ng/mL; PeproTech, London, EnCYtokine production and virus activation

gland), IL-4 (10 ng/mL; PeproTech), and GM-CSF (500 U/mL; Scheringsypernatants cryopreserved at the end of 6-day cultures with IL-3 were
Plough, Levallois Perret, France) was analyzed after a 72-hour culture. T88ied for IL-12 p70 and IL-8 contents by enzyme-linked immunosorbent

Annexin V-FITC/PI kit (Beckman Coulter Inmunotech) was used accordissay (ELISA) (Beckman Coulter Immunotech; sensitivity, 5 pg/mL for
ing to the manufacturer’s instructions to determine on a FACScan (Bectgnqo and 8 pg/mL for IL-8). To determine IFN- production, thawed

Dickinson, Mountain View, CA) the percentage of viable céfis. purified tumor cells and FACS-sorted CD5@&nd CD56 cells from 3
) o ) patients (LAl, GEN, and GUE) as well as fresh FACS-sorted blood,
Differentiation of tumor cells into mature DCs CD11c pDCs, and CD11t myeloid-related DCs were stimulated with 1

hemagglutinating unit (HAU)/mL formaldehyde-inactivated influenza virus

in complete 10% fetal calf serum medium supplemented or not with IL-%traln Be'J'n_g/262/95 (klndly prowded by Dr N. Kueh'm, Aventis Pasteur,
a/,al de Reuil, France) in duplicate wells @6ells/mL, in 24- or 96-well

(10 ng/mL). In 2 cases, maturation with CD40 ligation was analyzed: .
Iradiated (70 Gy) CD40L-transfected L cells (gift from P. Garonn (’:ulture plate) for 24 hours. IFN-was measured in supernatant by ELISA

Schering-Plough) were added on day 4 to the IL-3 tumor cell cultu}gat specifically recognizes IFN2 (Beckman Coulter Immunotech). The
sensitivity of this assay is 0.6 U/mL.

Purified tumor cells from 5 patients were cultured &/ for 3 or 6 days

(CD40L cells: tumor cell ratic= 1:5). On day 6, phenotypic and functional

analyses were performed. Culture supernatants were cryopreserved for . . L
cytokine measurements. Naive T-lymphocyte stimulation and polarization

] Proliferative response of naive T lymphocytes was evaluated in response to
Flow cytometry and immunofluorescence tumor cells activated or not. CO€LD45RA! lymphocytes were isolated

Immunophenotype was analyzed by flow cytometry, using direct or indirelpm cord blood by negative immunomagnetic depletli)on (Stem Cell
labeling, with the antibodies listed in Table 1. For comparison of expressigfcnology, Meylan, France), resulting in more than 97% purity. Mixed

levels, the mean fluorescence intensity ratio between specific mAb djfiPhocyte cultures (MLCs) were conducted in quadruplicate in 200
-well flat-bottom plates (Falcon) by mixing 25 10° responding purified

isotypic control was calculated. Intracytoplasmic flow cytometric stainingi\P A N ) )
of perforin and granzyme B was performed after paraformaldehyde fixatiotP4 CD45RA™ cells and 5x 10° to 25 10° irradiated (30 Gy) tumor

(2%) and permeabilization of the cells (saponin 0.3%). Cytospins of Céﬁells (unactivated_ or after IL-3 treatmer_mt). Six-day cu_Iture_s were performed
suspensions were dehydrated, fixed with aceter20¢C, 10 minutes), and " complete medium suppl(_anjented with 15% heat-inactivated human AB
cryopreserved. After thawing and rehydratation, the incubation wif"um; 37 10°Bq [*H]thymidine was added to each well and harvested 18
primary antibodies (perforin or CD83) was followed by incubation witHhours later. Mo-DCs obtained from adherent peripheral blood mononuclear
fluorescein isothiocyanate (FITC)—goat antimouse immunoglobulin (Beck€!lS (normal volunteers) cultured for 6 days with GM-CSF (500 U/mL) and

man Coulter Immunotech) and counterstaining with Evan's blue dyk13 (50 ng/mLf”were used as control. -
(Sigma, Saint Quentin Fallavier, France). To evaluate T-lymphocyte polarization, »610° irradiated IL-3—

differentiated tumor cells were cocultured withx610* CD4*CD45RA"

cord blood T cells during 6 days. The proportion of IL-4— and If+N-
producing cells was determined by flow cytometry after a further 6-hour
RNAwas isolated from FACS-sorted normal blood pDCs, from tumor cellstimulation with 5 ng/mL phorbol myristate acetate (Sigma) ang.@/snL
purified from 4 patients, from blood NK cells, and from monocyte-derivedbnomycin (Sigma). During the last 5 hours, monensip8, Sigma) was

Reverse transcriptase—polymerase chain reaction
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Table 1. Surface phenotype of purified fresh tumor cells

Antigen Patients: CAD CAT GEN GUE LAI PER VOl Clone Source
T cells
CD2 7 2 4 37 3 5 1 RPA-2.10 PH
CD3 4 8 1 0 3 3 10 UCHT-1 BCI
CD4 37 68 89 70 95 88 92 13B8.2 BCI
CD7 73 53 67 0 1 46 0 M-T701 PH
CD8 0 2 1 1 1 0 1 B9.11 BCI
Monocyte
CD13 2 1 4 1 0 3 0 WM-47 Dako
CD14 2 1 0 0 0 1 0 RMO52 BCI
CD33 1 3 4 0 2 7 0 WM-54 Dako
CD64 2 3 3 0 2 2 1 22 BCI
Natural killer cells
CD16 1 2 4 0 3 3 1 3G8 BCI
CD56 49 78 15 79 98 96 70 N901 BCI
CD57 0 nd 0 0 0 0 0 HNK1 BD
CD9%4 5 nd 2 0 nd nd nd HP-3D9 Ancell
CD161 0 nd 1 1 nd 1 nd DX12 BD
Granzyme B* nd nd 95 63 68 nd nd CLB-GB11 Pelicluster
Perforin*t 0 0 0 0 0 0 0 vG9 PH
B cells
CD19 3 4 1 2 0 1 0 J4.119 BCI
Cytokine receptor
CD25 nd 32 0 0 nd 6 6 B1.49.9 BCI
CD116 1 4 2 4 50 21 33 M5D12 PH
CD122 4 1 1 0 1 4 0 Mik-B2 PH
CD123 88 95 99 98 95 99 97 9F5 PH
Dendritic cells
CDla 1 1 0 0 0 2 0 BL6 BCI
CDlc 9 52 5 2 1 17 nd L161 BCI
CD11c 9 6 1 1 4 BU15 BCI
CD83 1 0 35 6 2 HB15a BCI
ILT3 85 89 97 98 93 81 nd ZM3.8 D. Jarrossay, BCI
Antigen-presenting cells
CD40 3 6 32 65 67 6 1 mAb89 BCI
CD80 1 5 0 0 6 3 3 MAB104 BCI
CD86 21 67 12 1 53 13 4 2331 PH
HLA-ABC 97 100 100 99 100 100 97 B9.12.1 BCI
HLA-DR 83 95 97 78 99 97 100 B8.12.2 BCI
Miscellaneous
CD10 0 0 0 0 0 0 0 ALB1 BCI
CD34 0 0 0 0 0 0 0 581 BCI
CD45 RA 94 84 99 90 99 98 98 J33 BCI
CD62L 1 nd 64 35 95 33 nd DREG56 BCI
CD117 0 0 0 0 0 0 0 95C3 BCI
CLA 89 nd 0 0 14 2 nd HECA-452 PH

Percentages of positive cells were determined by 2- or 3-color flow cytometry.

BCl indicates Beckman Coulter Immunotech; PH, Pharmingen; BD, Becton Dickinson; Ancell, of Bayport, NM; Pelicluster, of Flanders, NJ; nd, not done.
*Intracytoplasmic staining flow cytometry.

TImmunocytofluorescent analysis.

added. Cells were washed in cold phosphate-buffered saline, fixed ggte antigen CD45 at a low level, similarly to blastic hematopoietic
paraformaldehyde (4%), and permeabilized with saponin (0%22%Je cells, but CD10, CD34, and CD117 that are related to progenitors
cells were then stained with FITC-labeled anti-IFNphycoerythrin- \ere negative. Using a large panel of mAbs, we identified them as a
labeled anti—IL-4 (PharMingen, San Diego, CA), and PC5-labeled CD4p,mngeneous entity and postulated that they could be related to the
(Beckman Coulter Immunotech). pDC subset (Table 1). They were all positive for CD45RA and
negative for CD45R0O, CD1a, and CD11c (Table 1). CD1c, CD83,
and CD116 were inconstantly slightly expressed (2 of 6, 1 of 7, and
Results 3 of 7 cases, respectively). CD36 and CD68 monocytic antigens
were always expressed (not shown), but CD14 and CD64 were
absent. Regarding NK cell-related markers, besides CD56, gran-
Seven tumor samples were selected on the basis of their expresgiygme B was detected both at the mRNA and protein levels (Figure
of CD4 and CD56 in the absence of other lineage markers (CDBand Table 1). Intensity of granzyme B staining on leukemic pDCs
CD19, CD13, and CD33). Malignant cells expressed the panleuk@nd normal pDCs, data not shown) was 10-fold lower than that

Identification of a tumoral equivalent for pDCs
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ST & GM-CSF |
— — — - IL-3Ra
— — G GmmS preTa IL-3
e G- qu— lambda-like 14.1 IL-2
— ) —— e CD56 i
Medium
S w— = perforin
] - 0 20 40 60 80
s - . granzyme B % cell survival at 72h
jresae “ " " Figure 2. Leukemic cell survival is sustained by IL-3 and GM-CSF. Purified tumor
m . . FasL cells were cultured for 72 hours in the presence of the indicated cytokines. The

percentage of viable cells was measured by flow cytometric analysis after an Annexin
e aERNE SAEAS RSN grmy TN b Pactin VIPI staining of dead cells. Mean values + SD of results obtained with the cells from 5
patients are shown. A significant (*P < .05, Wilcoxon test) increase of cell survival

Figure 1. Leukemic cells express pDC- and NK-related transcripts. Expression ~ Was observed in the presence of IL-3 or GM-CSF.

of relevant mRNA was analyzed by RT-PCR from pure tumor cells, CD11c~ pDCs,
NK cells, and mo-DCs. Like normal pDCs, tumor cells expressed high levels of
IL-3Ra, pre-Ta, and lambda-like 14.1 mRNA that were absent from NK cells and
mo-DCs. In contrast, only weak expression of NK cell-related genes (perforin,
granzyme B, FasL) was detected in tumor cells, except for CD56.

Tumor cells differentiate into mature DCs with IL-3 and CD40L

Six-day cultures of purified tumor cells were performed with IL-3
(5 cases) or GM-CSF (3 cases). As for normal pDCs, no increase in

. . . cell number was observed at the end of these cultures. In the
observed on NK cells. Because perforin labeling was negative on

leukemic pDCs (Table 1 and on normal pDCs, data not shown), \B(raesence of IL-3, ihe initial k_"?s“_c morphology (Figure 3A). c_>f the

. . . tumor cells was highly modified; the cells enlarged, acquiring an
could not exclude that the slight mRNA signals for perforin and’ undant cytoplasm containing many vacuoles (Figure 38). A
FasL on a leukemic sample (Figure 1) might be due to contaming’i:-) yrop 9 y g )

. ature DC morphology was achieved with many fine dendrites
ing NK cells. Also, CD2 or CD7 could be expressed (1 of 7 and 4 ?cv?hen CD40L-transfected L cells were added on day 4 for 48 hours

7 cases, respectively), but CD16, CD57, CD94, and C.D161 we ﬁgure 3C). In the absence of cytokines, the cells that remained
negative (Table 1). These cells were also characterized by the

presence of surface molecules associated with antigen-presenting _
cells (APCs): HLA-ABC and -DR in all cases, CD40 in 3 cases, A ‘ B C .
and/or CD86 in 3 cases. They highly expressed immunoglobulin '
like transcript (ILT)3 and IL-3R/CD123 (Table 1, Figure 1). . ﬁ
Besides CD56, this phenotype is highly similar to that of pDCs ’ q ! "
isolated from blood, tonsils, or thymus from nonmalignant patients, r
Like normal pDCs, tumor cells expressed strong levels of pre—T- ‘ ;a
cell receptora (pre-Ta)'® and lambda-like 141 mRNA (Figure -
1), both of which were negative in NK cells and in mo-DCs. Of D - E =« Tt F
note, in all instances, no expression of CD3 and CD19 mRNA was £ _ N

A : . - - N gy P
found, excluding T- and B-cell contaminations (not shown). ) ‘(’ . . :'-“.é ) :";ﬂ"?q._.

e i
Cell survival is sustained by IL-3 or GM-CSF = ) 39 - o 3 e by ’R

Given the immunophenotypic similarities between these tumol &)
cells and pDCs, we investigated the effect of IL-2, IL-3, IL-4, or
GM-CSF on their in vitro survival (Figure 2). Day 0 viability of
thawed cells was high (mean 88%, not shown), but these cells
died in the absence of cytokines (day 3 mean survival7%)
even though slower than normal pDCs that undergo rapi
spontaneous apoptosis in culture, resulting in 90% of cell
displaying apoptotic figures at 16 hodréfter a few hours in
culture with IL-3 or GM-CSF, the t.umor cells aggregated anggure 3. IL-3 induces differentiation of leukemic cells. The initial morphology of
formed large clusters, whereas their aspect remained unchange@imor cells (patient GUE) (A) (x 63) stained with May-Griinwald Giemsa was
with IL-2 or IL-4. IL-3 and GM-CSF improved slightly but highly modified after 6-day culture with IL-3: The cells enlarged (B) (X 63) and, when

PPN P 0 0 o/, activated during the last 48 hours with CD40L-transfected L cells, they acquired many
significantly viability at day 3 from 27% to 52% and 48%,, "\ iies (C) (x 63). Tumor cells die in culture medium alone (D) ( 10, as
respectively P < .05, Wilcoxon test). In contrast, IL-2 and IL-4 shown in phase contrast microscopy). Some dendrites can be seen in culture with
were not responsible either for such a significant improvemem‘a alone (E) (X 10) and on most of the cells that are either isolated or within clusters
of cell survival or for an apoptotic signal In 2 cases day gfter CDA40L activation (F) (X 10). CD83 (green fluorescence, red counterstaining)
3 - . . I ’ w?s not detected in fresh cells (G) (X 100) but became apparent after culture with
[ H]thymldme. incorporation Vi/z’:lS measurEd in the presence Q—S, being localized in the cytoplasm (H) (X 100) and expressed at the cell surface
these 4 cytokines, and no proliferation was detected (not showsrer cp4oL activation (1) (x 100).
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Table 2. Phenotype of purified tumor cells after a 6-day culture

IL-3 GM-CSF
Antigen Patients: CAT CAD GEN GUE LAl CAT CAD GEN
CD4 10 91 95 81 73 91 42 86
Monocyte
CD13 80 11 15 9 37 72 30 25
CD14 2 1 1 0 4 1 3 2
CD33 61 1 30 19 8 74 20 44
CD64 3 1 2 4 nd 1 5 4
Natural killer cells
CD56 72 6 11 28 77 77 35 21
Dendritic cells
CD1la 74 8 94 22 11 57 42 88
CD1c 82 16 72 29 5 94 69 93
CD1l1c 65 47 91 50 55 65 nd 66
CD83 3 30 65 30 nd nd 31 35
Antigen-presenting cells
CD40 53 88 98 96 81 nd 68 94
CD80 12 82 72 84 56 33 33 68
CD86 47 87 81 77 59 76 49 77

Percentages of positive cells were determined by 2- or 3-color flow cytometry after 6-day culture with IL-3 (10 ng/mL) or GM-CSF (500 U/mL).
nd indicates not done.

isolated rapidly died in culture (Figure 3D), whereas they formedCs differentiated from leukemic cells stimulate allogeneic

large clusters in the presence of IL-3 (Figure 3E), in the periphemgive T cells and induce their Th2 polarization

of which dendrites were observed upon CD40L-induced activation o )

(Figure 3F). IL-3 induced in most cases an up-regulation of tHB the absence of activation, tumor cells from patients GEN and
expression of HLA-ABC and -DR molecules and of costimulato UE did 'notlnduce Fhe prollfergyon of nalve"l'cells,'whereas cells
molecules CD80 and CD86 (Table 2, Figure 4), which were furth ,c_)m patler_lt CAT dld..The ability of_IL-3—d|fferent|ated leuke- .
increased upon CD40 activation (Figure 4). CD1a, CD1c, and CDEAC DC to induce a primary allogeneic response was analyzed in
were also up-regulated in response to IL-3 alone (Table 2). In all caddsC- In the 5 cases analyzed, a strong (8000 to 40 000 cpm)
but one (GEN), CD83 was negative on tumor cells (Table 1, Figure 3@fpliferation of cord blood—purified naive T cells was induced,
IL-3 led to a low surface expression of CD83 (Table 2), while highimilar to the proliferation obtained with mo-DCs (Figure 5,
intracytoplasmic levels were detected in response to IL-3 (Figure 3HjPer panels).

and IL-3 plus CD4O0L (Figure 3l). In 3 of 5 cases, CD13 and/or CD33 Given the reported ability of normal IL-3—-matured pDCs to
appeared with IL-3, and CD11c became highly expressed in all cagg@mote the differentiation of Th2 cef&!°we next examined the
The morphology (not shown) and the immunophenotype of thecell polarizing capacity of IL-3—differentiated leukemic DCs.
cells differentiated with GM-CSF (3 cases, Table 2) were highlfter a 6-day MLC, the cytokine production profile was analyzed
similar to the phenotype described with IL-3, and no expression @gfigure 5, lower panels). In 4 of 4 cases, the naive cord blood cells
CD14 or CD64 could be detected. In 4 cases, we examined tp@med with IL-3—differentiated leukemic DCs were mainly IL-4—
profile of cytokines produced at the end of 6-day cultures with IL-Jroducing cells (9%-21%), whereas only a few IfNproducing

As reported for CD40L-activated IL-3—matured pD€gumor cells were detected (4%-6%), demonstrating a Th2 polarization. In
cells produced IL-8 (mean= 1914 pg/mL), whereas IL-4 and contrast, 20% of the naive T cells primed with mo-DCs became
IL-12 p70 were undetectable by ELISA (not shown). IFN-y—producing cells, and only 3% produced IL-4. The unprimed

GEN GUE
HLA ABC  HLA DR CD40 CD80 CD86 HLA ABC HLADR CD40
170 9 N 4
j
:

CD86

©

1

Figure 4. Leukemic cells up-regulate costimulatory
molecules upon IL-3 and CD40L activation.  Expres-
sion of APC-related molecules on fresh and cultured
leukemic cells were shown in patient GEN and GUE
CD40, CD80, and CD86 that were either not expressed
or were present at a low level on fresh cells (upper
panels) were up-regulated after a 6-day culture with IL-3
(middle panels). HLA molecules that were already present
on fresh cells were also up-regulated. Addition of CD40L-
transfected L cells during the last 48 hours of culture
further increased the expression of these molecules
(lower panels). Open curves show isotype control; shaded
curves show specific staining. Results are representative
of 5 experiments of culture with IL-3. Mean fluorescence
intensity ratios between specific mAb and isotypic control
are indicated in the plot.
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Day 6IL3 CD40L.  Day 6 IL3
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Figure 5. Leukemic cells stimulate naive T cells and induce Th2 polarization. CD45RA*CD4 allogeneic naive T-lymphocyte response to increasing numbers of irradiated
leukemic cells or mo-DCs was measured after a 6-day MLC by 18-hour [*H]thymidine incorporation (upper panels). Fresh tumor cells (closed diamonds) were capable (CAT) or
not (GEN and GUE) of stimulating naive CD4* T-lymphocyte proliferation. Conversely, in all 5 cases analyzed, the day-6 IL-3—cultured tumor cells (open squares) were able to
activate the proliferation of allogeneic naive T cells, with the same potency as mo-DCs (stars). IFN-y and IL-4 production in T cells primed by stimulation with IL-3—cultured
leukemic pDCs or mo-DCs was analyzed by flow cytometry (lower panels). The percentages of IL-4— or IFN-y—producing cells are indicated in the plots and show the Th2
polarizing capacity of leukemic DCs, whereas mo-DCs induced a Th1 polarization.

naive T cells activated with phorbol myristate acetate and ionomio their malignant status, their different organ origin, and/or an
cin failed to produce either IFN-or IL-4 (not shown). alteration of their reactivity by cryopreservation.

Leukemic cells produce IFN-  «

Normal pDCs are also characterized by their ability to secre@®iscussion

IFN-« in response to viru¥2°Thus, 4 patients (CAD, LAI, GEN,

and GUE) were studied for the ability of either enriched tumor cells the present work, we analyzed unusual tumor cells in 7 patients.
or FACS-sorted CD56 and CD56 cells to produce IFNx in In light of recent knowledge from the literature, we confirmed that
response to inactivated influenza virus. After a 24-hour incubatidiney belong to the pDC lineage, because thBypfoduce IFNe

with the virus, but not upon CD40 signaling (not shown), signifiupon virus stimulation,2) express markers characteristics of this
cant levels of IFNa were measured in the supernatants of thBC subset, §) survive and differentiate into functional DCs in
culture from patients GEN and GUE that were purified frommesponse to IL-3, and4] induce Th2 polarization upon IL-
peripheral blood and lymph nodes, respectively, while no tFN-3 activation.

production was detectable in those from bone marrow samples of The link between those tumor cells and pDCs has first been
CAD and LAl To exclude the possible contamination of enrichepostulated according to their unique phenotype: conventional T, B,
tumor cells by residual normal pDCs, we FACS-sorted CDa6d and myeloid lineage markers are absent, except CD7 or CD2 in
CD56 cells (LAI, GEN, and GUE). Both the CD56subset some cases. T-cell and B-cell receptors are in germline configura-

(devoid of normal pDCs) and CD56subset from patients GEN tion, and no myeloperoxidase enzymes are observed (not shown).

and GUE produced IFN-in response to the virus. Of notel)( Expression of costimulatory molecules such as CD40 or CD86 in
CD56 was not expressed homogeneously by leukemic cells (Tab&veral cases is evocative of an APC. Indeed, expression of CD4,
1) and @) we have shown that CD56 could be modulated ikLA-DR, CD123, ILT3, and CD45RA but absence of CD45R0 and
response to cytokines (Table 3). Thus, our interpretation is th@D11c is highly reminiscent of the phenotype of pD@gl4
most of the enriched cells were indeed leukemic. Higher levels bforeover, despite the expression of some monocytic antigens like
IFN-a were produced by pDCs from healthy volunteers (24 990D36 and CD68 (also reported on blood CD11RC<s), these
IU/mL; Table 3) compared with leukemic cells, which could be dueells do not differentiate into monocytes or macrophages in

Table 3. Leukemic cells produce IFN-  « when stimulated with influenza virus

IFN-a (U/mL)
Sorted cells
Enriched tumor cells CD56* CD56~
Influenza Influenza Influenza

Patients Medium virus Medium virus Medium virus
CAD (bone marrow) <0.6 3 nd nd nd nd
LAI (bone marrow) nd nd < 0.6 30 < 0.6 < 0.6
GEN (blood)

Experiment 1 9 1302 nd nd nd nd

Experiment 2 <0.6 1695 <0.6 912 < 0.6 2026
GUE (lymph node)

Experiment 1 6 1099 nd nd nd nd

Experiment 2 nd nd < 0.6 1146 < 0.6 1235

The production of IFN-a by enriched and sorted tumor cells was measured by ELISA after a 24-hour stimulation with influenza virus. In parallel, sorted CD11c~ pDCs and
CD11c* DCs were found to produce 24 990 and 57 IU/mL IFN-«, respectively, in response to virus, while in the absence of virus the values were below 0.6 IU/mL.
nd indicates not done.
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presence of GM-CSF. The link with pDCs is also stronglputside this lineage, such as in myeldfhand acute myeloid
emphasized by the demonstration of characteristic functionalikemia3’3® Because of the positivity of granzyme B, further
properties of this cell type. In contrast to the lack of IeN- functional assays are ongoing to assess the NK potential of those
secretion by bone marrow malignant cells from 2 patients, tumt@ukemic cells. The down-regulation of CD56 expression observed
cells from peripheral blood and lymph nodes of 2 other patiensster IL-3 activation in some cases suggests that the precursor
produce IFNe in response to viruses, a distinct feature of pDCmvolved in the leukemic transformation might be more immature
and as such referred to as “natural interferon-producirthan the blood pDCs. We also consistently found genes associated
cells.™520:30.31] jke normal pDCs214 malignant cells are partly with early T or B precursors such as pre-and lambda-like 14.1.
rescued from spontaneous apoptosis by IL-3 or GM-CSF. Colm fact, these observations suggest that these leukemic cells, like
versely, they differ from normal pDCs by their resistance tpDCs, share common precursors with NK, T, and B cells. Indeed,
IL-4—induced apoptosi¥, suggesting that those leukemic cellsmice lacking flt3 ligand have been shown to have a profound
might be less sensitive to apoptotic signals. They also fordeficiency in both DCs and NK cells, in addition to myeloid and
aggregates in the presence of IL-3 and acquire typical cytoplasmjmphoid progenitor$? Leukemic cells being in an immature stage
dendrites upon CD40 signalirfg® Spontaneously, they are not oris also supported by their blastic morphology and the low
only poorly stimulatory for naive cord blood allogeneic T lymphoexpression of CD45 by analogy to normal or leukemic cells from
cytes, but upon IL-3 treatment, the cells from all patients studiexther hematopoietic lineagésBased on the latter criteria, the
became powerful inducers of T-cell proliferation, as reported fdeukemic population appears homogeneous; however, a maturation
normal pDCs in the same culture conditi®¥.This newly acquired asynchronism may be suspected. Indeed, in some patients, in the
capacity parallels the up-regulation of markers related to antigahsence of activation one can observe low levels of CD1c, CD86,
presentation and costimulation CD80, CD86, CD40, HLA-I andr CD40 and stimulation of naive T lymphocytes that is in favor of
-II. It should be pointed out that this same mature DC phenotyp&,more advanced degree of differentiation for part of the tumor
together with the acquisition of CD1a and CDl1c, is also observedlls. Noteworthy, in vivo as in vitro, the blockade of maturation
following culture in GM-CSF. Furthermore, IL-3—treated maligmight not be absolute, contrary to most hematopoietic malignancies.
nant DCs induce a Th2 polarization of the immune response, asIn conclusion, we demonstrate that a new hematologic entity
reported for their normal counterpaft®2It would be important to has been identified involving a malignant equivalent of plasmacy-
determine whether, as recently reported for normal pB€3, toid DCs. The CD4, CD56", CD3", CD13", CD33, CD19"
virus-treated leukemic cells could also induce a Thl polarizatioprofile that is defined with commonly used antibodies in routine
Considering the APC function of the tumor cells and the potentiphenotyping is highly evocative of this pathology. Because malig-
of their normal equivalent to prime either Th1 or Th2 response,iitant cells usually mimic their normal equivalent, this disease is of
will be important to decipher the mechanisms responsible for tiparticular interest for the understanding of pDC behavior in vivo.
lack of tumor rejection. Importantly, these cells can be obtained in large amounts, which
Lymphoid-restricted progenitors exist in human bone marrownight be precious for prospective studies of pDCs.
thymus, and fetal liver, the most immature one being able to
differentiate into T, B, and NK cells and DG%!1:3334However,
those progenitors express CD34, which is not the case for leukertigknowledgments
pDCs. The capacity of the malignant cells to differentiate into T, B,
or NK cells has to be tested, but at present we have shown that tviég thank Dr Xavier Ronot for help with contrast phase microscopy
are not precursors of monocytes or macrophages. As for pB¢&s, and Dr David Jarrossay for anti-ILT3 mAb. We thank Myriam
culture in GM-CSF or IL-3 induced CD13, CD33, and CD1lldBrachet, Patricia Cheron, Agae&olomer, Ghislaine Del Vecchio,
myeloid antigens, but the interpretation with regard to the myeloRlichard Di Schiena, Michel Drouin, Jean-Paul Molens, Christine
lineage is not clear at preseéf2 Due to the expression of CD56 on Vallet, and Mireille Favre for technical assistance. We thank Drs
malignant cells, an NK origin has been evoked in many reporBominique Masson and AgeeéMoine for HLA typing of the cells.
despite the negativity of most NK differentiation markers and thé/e thank Marina Cella, Marco Colonna, and Giorgio Trinchieri for
absence of azurophilic granulations. In fact, although classical fadvice and helpful discussions. We thank Christophe Caux for criti-
NK cells, CD56 has often been described in malignant pathologieally reading the manuscript and Isabelle Durand for FACS sorting.
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