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Characterization of dendritic cell differentiation pathways from cord blood
CD34"CD7*CD45RA" hematopoietic progenitor cells

Bruno Canque, Sandrine Camus, Ali Dalloul, Edmond Kahn, Micaél Yagello, Colette Dezutter-Dambuyant, Daniel Schmitt,

Christian Schmitt, and Jean Claude Gluckman

To better characterize human dendritic
cells (DCs) that originate from lymphoid
progenitors, the authors examined the
DC differentiation pathways from a novel
CD7+CD45RA* progenitor population
found among cord blood CD34 +* cells.
Unlike CD7 ~CD45RA* and CD7 *CD45RA~
progenitors, this population displayed
high natural killer (NK) cell differentiation
capacity when cultured with stem cell
factor (SCF), interleukin (IL)-2, IL-7, and
IL-15, attesting to its lymphoid potential.

In cultures with SCF, FIt3 ligand (FL),
granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF), and tumor necrosis
factor (TNF)- a (standard condition),
CD7+*CD45RA* progenitors expanded
less (37- vs 155-fold) but yielded 2-fold

higher CDla* DC percentages than
CD7-CD45RA* or CD7+CD45RA~ pro-
genitors. As reported for CD34 *CDla~
thymocytes, cloning experiments demon-
strated that CD7 *CD45RA* cells com-
prised bipotent NK/DC progenitors. DCs
differentiated from CD7 ~CD45RA* and
CD7+CD45RA progenitors differed as to
E-cadherin CD123, CD116, and CD127 ex-
pression, but none of these was really
discriminant. Only CD7 *CD45RA* or thy-
mic progenitors differentiated into
Lag*S100* Langerhans cells in the ab-
sence of exogenous transforming growth
factor (TGF)-B1. Analysis of the DC differ-
entiation  pathways showed that
CD7+*CD45RA* progenitors generated
CD1a*CD14~ precursors that were macro-

phage-colony stimulating factor (M-CSF)
resistant and CDla ~CD14* precursors
that readily differentiated into DCs under
the standard condition. Accordingly,
CD7+*CD45RA* progenitor-derived ma-
ture DCs produced 2- to 4-fold more IL-6,
IL-12, and TNF-a on CD40 ligation and
elicited 3- to 6-fold higher allogeneic T-
lymphocyte reactivity than CD7 ~CD45RA*
progenitor-derived DCs. Altogether, these
findings provide evidence that the DCs
that differentiate from cord blood
CD34+*CD7*tCD45RA* progenitors repre-
sent an original population for their devel-
opmental pathways and function. (Blood.
2000;96:3748-3756)
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Introduction

Dendritic cells/Langerhans cells (DCs/LCs) are essential antigezenfirmed in mice> However, this dual LC versus “myeloid” DC
presenting cells for initiating and maintaining the adaptativenodel has been challenged by data that HPCs with lymphoid
immune responskRecently, the DC system has become increapotential also generate DCs. The concept of lymphoid DCs arose
ingly complex, with reports of discrete populations in humans arftbm the observation that DCs and T lymphocytes can both develop
mice, the significance of which remains enigmatléFor example, from murine ScaCD4° thymic precurso®: Such DCs are now
human DCs can differentiate from CD3&ematopoietic progeni- recognized as an original population regarding their
tor cells (HPCs) in the cord blodd,the adult bone marrow or CD8«"DEC205 CD11b phenotypeé2°RelB-independent devel-
blood?12130r the thymus; and also from monocyté&;}” ILT3"/ opment® and capacity to promote T-helper type 1 (Thl) re-
ILT1-/CD123" plasmacytoid cell§ CD2* or CD68" blood precur- sponses$:32 In humans, the first evidence of possible lymphoid
sors, or even granulocyte-committed c&i#81°1t is still unclear DCs was the finding that DCs, T/B lymphocytes, and natural killer
whether such ontogenic diversity reflects the plasticity of DONK) cells but not myeloid, megakaryocytic, or erythroid cells
progenitors and precursors or indicates that under appropriatld differentiate from fetal marrow CD3€D10"*CD45RA"
conditions, eg, an inflammatory environment, a wide range &fPCs33 This lineage promiscuity of DCs and lymphoid cells has
hematopoietic cells have the capacity to acquire the phenotype dreedn further documented by showing that thymic CD3PCs
function of DCs. display DCs and NK cell potential4:34-36 However, the DC
Classically, distinct DC subsets are obtained from humasrogeny of lymphoid HPCs is still poorly characterized, and it is
CD34" HPCs along 2 major pathways leading to either CDlacurrently unknown whether they relate to myeloid DCs, CO".23
precursor-derived LC-like DCs or CD14orecursor-derived DCs precursor-derived DCs, or LCs, or whether they represent an
related to monocyte-derived DE%?* a view that has been original population. To approach this point, we analyzed herein the
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differentiation of DCs from cord blood CD34HPC populations Limiting dilution analysis and single-cell cultures
identified according to their lymphoid and myeloid dn‘ferentla-l_imiting diluion analysis was performed as reporféd.

tion potential. CD34*CD7*CD45RA" and CD34 CD7-CD45RA" HPCs were seeded
into 96-well plates (ATGC) at 300, 100, 30, 10, 3, and 1 cell per 200
wL/well. Cultures supplemented with SCF, FL, GM-CSF, and T&BC
condition) or with SCF, IL-2, IL-7, and IL-15 (NK condition) were

Materials and methods maintained with half medium change and fresh cytokines added every 6 to 7
days. Plates were examined weekly, and cell-containing wells were scored
Isolation of CD34 * cells from the cord blood and thymus under the microscope. At the end of 3 weeks, DCs were identified by FACS,

. - . hich was based on CD1a expression, or morphology after 48-hour culture
Normal cord blood (laboratoire Senders, hépital Saint-Vincent de PalIJVYn;the presence of CDAOLT (C%40LT' O;ﬁglmL)F\)Nhengli/ess than 500 cells
service de Gynecologl.e-Obste.ztnque., hopital .Sal.nt-Antome, Pgrls, Fran%%)r well were available. NK cells were detected by FACS after labeling with
was collepted according to |nst|tut|on.al gu.ldellnes. After F'COII'Paqu&DSG-PE (clone Leu-19, Becton Dickinson) or under the microscope after
(Pharmacia, Uppsala, Sweden) centrifugation, mononuclear cells W8I minutes incubation with CD56 mAb (clone Leu 19)-coated magnetic

enriched ) in low density cells by. §entrifugation on Percoll (d: _1'07%eads (Dynal§® The maximum likelihood estimate of DC or NK progeni
Pharmacia). CD34 HPCs were purified with CD34 monoclonal antlbodytorS was calculated according to the single hit Poisson nigdel.

(mAb) 561-coated M-450 Dynabeads (Dynal, Oslo, Norvdyielding For single-cell suspension cultures, CD®D7+CD45RA" HPCs
93%= 6% viable CD34 cells En:_ 36). These cells (k 10°/mL) were  \yere piated in 96-well plates (0.3 cell per 200pL/well), and cultured as
incubated for 30 minutes at 4°C in phosphate-buffered saline (PBS), 284 iously described, but in the simultaneous presence of SCF, FL,
fetal calf serum (FCS; Dutscher, Brumath, France), with CD345M.CSE. TNF-o. IL-2. IL-7. and IL-15 (DC and NK conditions).
phycoerythrocyanin (PECyS5) (clone 581), CD7-fluorescein isothiocyanat@-containing wells were scored on days 19 to 21. NK cells were detected

(FITC) (clone 8H8.1) (both from Immunotech, Marseille, France) angds described previously, using CD56 mAb-coated beads, whereas DCs were
CD45RA-phycoerythrin (PE) (clone HI100; Pharmingen, San Diego, CAjentified on the basis of their morphology.
mADbs, diluted 1:50 final; CD34CD7CD45RA™, CD34"CD7CD45RA",
and CD34 CD7-CD45RA" HPCs were then differentially sorted with a g,y cytometry cell surface marker analysis
FACStar Plus (Becton Dickinson, San Jose, CA), yielding 36%% pure
populations (n= 36). Cells were incubated for 30 minutes at 4°C with mAbs (1:100 final unless
Thymic progenitors were purified as descrifficom normal thymus of ~ specified) in PBS, 2% FCS, with or without 2% AB serum (Site
children undergoing cardiac surgery. Thymocytes were obtained by Fico‘"l’.ansfusionnel PItIé-SaIpétrlére, Paris, France), WaShed| and analyzed with
Paque centrifugation, CD34cells were purified with CD34 mAb 561- a FACscalibur (Becton Dickinson). HPCs were labeled with CD34-PE-Cy5
coated M-450 Dynabeads, labeled with CD34-PE (clone 581) and cD#fd the following mAbs: CD2-PE (clone 39C1.5), CD3-FITC (clone SK7),
FITC (clone BBS5, Diaclone, Besancon, France) mAbs, and CoBtlar CD7-FITC (clone 8H8.1), CD38-FITC (clone T16), and CD44-FITC (clone
cells were sorted with a FACStar Plus. J173) from Immunotech; CD7-PE (clone SK7), CD10-FITC (clone W8E7),
CD13-PE (clone L138), CD19-PE (clone 4G7), and CD33-PE (clone
P67-6) from Becton Dickinson; CD45RA-PE (clone HI100), CD45R0O-
Culture of natural killer cells FITC (clone UCHL1), CD64-FITC (clone 10.1), CD86-PE (clone FUN-1),
and CD90/Thyl1-FITC (clone 5E10) from Pharmingen; and rat anti-CLA
Cord b_IOOd CD34 HPCs and subsets .thereof (]><3.104/mL)| §orted mAb HECA-452 (gift from L. J. Picker and P. R. Bergstresser, Dallas, TX).
according to CD7 and CDASRA expression as described previously, W&fCaddition to CD1la-FITC, DCs were examined with the following mAbs:
cultured at 37°C in humidified 5% GOin RPMI 1640, 10% FCS, 1% cp114.pE (clone bear 1), CD11c-PE (clone BU15), CD83-PE (clone
glutamine, 1% antibiotics (GIBCO BRL, Paisley, Scotland), with humamBlSA)‘ CD116-PE (GM-CSFR; clone SCO6), and CD127-PE (IL-7R;
recombinant cytokines: 50 ng/mL stem cell factor (SCF) (specific activityjq R34.34, diluted 1:5) from Immunotech; CD14-PE (clone LeuM3) and
1.2x 103 U/Mg), 100 U/mL interleukin (“_)'2, 20 ng/mL IL-7 (SpeCIfIC CD14'a”0phyCOCyan|n (Clone MCI)PQ), CD123-PE (IL-3R1 clone 9F5,
activity = 2 X 10° U/mg), and 20 ng/mL IL-15 (specific activity greater gjj teq 1:5) from Becton Dickinson; anti—E-cadherin (clone HECD-1;
than or equal to < 10° U/mg) (all from Valbiotech, Paris, France). pgp systems). When anti—E-cadherin or anti-CLA unconjugated mAbs
Cultures were maintained for up to 2 months with half change and cytokigg, e used, labeling was developed by goat antimouse R{BE pr antirat
addition every 3 to 4 days. CDSED8™ NK cell percentages were g(ap')-FITC (anti-CLA) secondary antibodies. Isotype-matched FITC-,
evaluated by double staining with CD8-FITC (clone T6) and CDS56pE. and allophycocyanin-conjugated irrelevant control mAbs were from
rhodamin (RD1) (clone NKH1), both from Coulter Clone, Margency, Franc@mmunotech and Becton Dickinson; unconjugated mouse and rat isotype
controls were from Immunotech and Caltag (San Francisco, CA),
Culture of dendritic cells respectively.

HPCs (1-2x 10%/mL) were cultured as report&a?337:38in 6-well plates Secondary cell sorting
ATGC, Noisy le Grand, F in RPMI 1640, 10% FCS, 1% glutami )
( oisy le Grand, France) in ° °gu anF“n%ulture day 5 or day 8 cells (1-8 10°/mL) were incubated at 4°C for 30

1% antibiotics, with the following cytokines: 20 ng/mL granulocytes L it p14-PE and CD1a-FITC mAb (1:50), resuspended in PBS,

macrophage colony-stimulating factor (GM-CSF) (specific activitxé% FCS. and sorted with a FACStar Plus. based on CDla or CD14
125 107 ;i i i . ) . T
1.125x 10" U/mg; gift of Schering Plough, Kenilworth, NJ), 50 ng/mL expression. This resulted in 99% 1% pure populations (& 12).

SCF (gift of Amgen, Thousand Oaks, CA), 50 ng/mL FIt3 ligand (FL; gift
of Immunex, Seattle, WA), and 50 U/mL tumor necrosis factor (TNF)-%
(Genzyme, Cambridge, MA). When used, IL-4 (50 ng/mL, gift of Schering
Plough; specific activity 2.4k 10" U/mg) and trimeric CD40 ligand Cells were washed with PBS and cytospun onto glass slides, which were
(CDA40LT; 0.5pg/mL; gift of Immunex) were added from culture day 5,dried before 10-minute fixation in PBS, 3% paraformaldehyde at 20°C, and
whereas macrophage (M)-CSF (250 ng/mL; specific activityXXIBP  permeabilized with PBS, 0.05% saponin, 0.2% BSA, 0.5% AB serum. Cells
U/pg; R&D Systems, Minneapolis, MN) or transforming growth factomwere stained with 1:100 diluted unconjugated mouse anti-Lag3halgift
(TGF)-B1 (10 ng/mL; specific activity % 10° U/mg; Genzyme) was added from F. Furukawa, Handacho, Hamamastu; K. Yoneda and S. Imamura,
at culture initiation or on day 5. Medium and cytokines were renewed eveljyoto; Japan) or with rabbit anti-S100 antibodies (Dako, Glostrup,
3 days. Thymic CD34CD1a progenitors were cultured under the sameédenmark) diluted 1:500. Staining was developed with a tetramethyl-
conditions, except that IL-7 was added during the first 3 days of culture. rhodamin-isothiocyanate—conjugated (TRITC) swine antirabbit antibody

onfocal microscopy
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(Dako) diluted 1:40, or with biotinylated swine antigoat, -mouse, and
-rabbit multilink antibodies (Dako) diluted 1:50, followed by tetramethylaethS

rhodamin-isothiocyanate—conjugated streptavidin (Immunotech) dilute

1:200, and mounted in fluorescent-mounting medium (Dako). Normphenotypic characterization of cord blood CD34  +

rabbit serum (Dako) or mouse 1gG1 (Immunotech) were used as ismyﬁ’%’matopoietic progenitor cells

matched controls. Confocal laser scanning microscopy and fluorescence

analysis were performed using a Sarastro CLSM1000 confocal microscapg first examined markers that distinguish myeloid from lymphoid
(Molecular Dynamics, Sunnyvale, CA). Excitation was obtained by appcg (CD13, CD33, CD44, CD45RA, CD64, CD86 vs CD2, CD3,
argon laser filtered at 514 nm, which ensures low background light aegbz CD10, CD19}43342-4% immaturity markers (CD38, CD90/

TRITC emission. The selected dichroic filter was DF 530 nm; to avoigt, 1): 17%=* 4% of CD34 HPCs (n= 17) expressed CD7,

excitation noise at emission, fluorescence acquisition was performed usj o o o N
a 550-nm high-pass filter in 256 256 or 512X 512 pixel matrices, and a %+ 4% and 27%t 4% were CD10 or CDASRA', respee

50-wm pinhole size. Laser power was set to 25 mW anatheetector was  1Vely, whereas less than 1% were CD2CD3", or CD19'.

set at values ranging from 778 to 1078 V (sensitivity adjustments). Image®labeling for CD34, CD38, find CD7. or CD;‘-O showed that
at 0.25pum pixel size were obtained at 40 magnification, 1.0 numerical CD34*CD7+ HPCs expressed intermediate to high CD38 levels,

aperture, and analyzed as reportedilso, visualization of images in whereas CD34CD10" HPCs were mainly CD38D90/Thyl"
pseudocolor provided a supplementary tool for interpretation when taénd thus corresponded to more immature cells (data not shown).
signal was low. The blue representation of corresponding values empip&cording to CD45RA and CD7 expression, 3 CD3#PCs

sized legibility of images. populations were distinguished (Figure 1): these COD45RA",
CD7+CD45RA", and CD7CD45RA" cells represented
Electron microscopy 11% =+ 3%, 5%+ 2%, and 22%+ 4% of HPCs, respectively, with

no difference being noted whether they were analyzed in enriched

Culture day 8 cells were washed and fixed for 18 hours with 2% n
. X ; CD34+ cells or among bulk mononuclear cells (data not shown).
glutaraldehyde in cacodylate buffer, then with 1% osmium tetroxyde, a .
note, none of these populations expressed membrane or

embedded in epoxy medium after dehydration through a graded series c](f .

ethanols. Ultrathin sections were poststained with uranyl acetate and I&¥§oPlasmic CD3 (data not shown). CD13, CD33, and CD44 were

citrate and examined on a JEOL 1200EX electron microscope (CMEABEXPressed by more than or equal to 95% of CD34PCs

Université de Lyon, France). A minimum of 100 to 150 cells of eacindependent of CD7 or CD45RA, but CD45R0O, CD64, and CD86

population were analyzed for their morphology and the presence of Birbeslere undetectable or barely detectable. Finally, about 75% of

granules (BGs). CD34" HPCs were CLA 2 but there was no correlation with CD7
or CD45RA expression.

Mixed leukocyte reaction assay
Ng]tural killer cells differentiate only from CD34  *CD7+CD45RA*

Responder allogeneic adult T lymphocytes enriched to more than or eq S .
ematopoietic progenitor cells

to 85% as describéd (10° cells per well in 96-well U-bottomed culture
microplates; Costar) were cultured for 6 days with 0.1 to< B0° We first examined the 3 HPC populations for the capacity to

stimulating cells in RPMI 1640, 10% heat-inactivated AB serum, 1% . . .
glutamine, 1% antibiotics. Stimulating cells were day 10 mature DCs froélenerate NK cells as a marker of their lymphoid potential. Bulk

sorted CD45RACD7-, CD45RA*CD7*, or bulk CD34 HPC cultures. PCs and sorted subsets were cultured with SCF, IL-2, IL-7, and

Incorporation of fH]thymidine (0.037 MBq [1uCi] per well: Amersham, IL-15, which has proved as efficient for the generatllon of NK cells
Amersham, UK) was assessed by 18-hour pulse. Results are mean coll@@! the cord blood HPC¥. Growth of cells with the NK
per minute (cpm) of triplicates. phenotype was monitored on the basis of CD56 expres8ion.
Under the conditions used here, only CIrD45RA" HPCs had
NK cell potential: On culture days 14 to 21, they yielded
59% + 6% CD56'CD8 cells (n= 7) with NK cytotoxic activity
CDla'CD14 and CDl1aCD14" precursors were sorted on day 5 from(data not shown) relative to 1% 0.5% for CD7 CD45RA" and
cultures of CD34CD7*CD45RA" or CD34"CD7 CD45RA" HPCs and

cultured for another 48 hours under the standard condition plus IL-4.

Immature CD14a83~ DCs (0.5 to 1x 1(P cells/mL) were then recovered, . CD34+ cells (R1)
washed, and cultured for 72 hours with CD40LT (@.8/mL, Immunex) A" . . :
before supernatants were collected. Because only limited DC numbers were
available, cytokine levels were normalized according to total viable cell
counts, and expressed as picograms pecéls.

Cytokines were also assayed in day 3, 5, and 7 supernatants of mixe
leukocyte reaction (MLR) (ratio: X% 10° DCs per 18 T lymphocytes).
Alternatively, MLR day 7 T lymphocytes (2.5 10° cell/mL) were
restimulated for 48 hours with immobilized CD3 and CD28 mAbs
(Immunotech) before supernatants were collected.

Supernatants were kept-aR0°C until used. IL-18, IL-1RA, IL-4, IL-6,
IL-10, IL-12p40 and IL-12p70, IL-15, interferon (IFN)-v, and TNFwere
measured by enzyme-linked immunosorbent assay (ELISA) according to 1! 10? i >’
the manufacturer’s instructions (R&D Systems; or Biosource SA Europe, CD7-FITC
Nivelles, Belgium, for TNF-a). Figure 1. Characterization of cord blood CD34  *+ HPC populations according to

CD7 and CD45RA expression. Purified CD34" cells were labeled with CD34-
PECy5, CD7-FITC, and CD45RA-PE mAbs and analyzed by 3-color FACS analysis.
Statistics Cells were gated based on low forward and side scatters and high CD34 expression

L (R1). Sort windows R2, R3, and R4 were set based on labeling with control mAbs
Results are shown as mears SD of data. Statistical analyses Wer€data not shown). CD7+*CD45RA~, CD7+CD45RA*, and CD7-CD45RA*CD34+

performed with the paired Studetrtest or by analysis of covariance. HPC percentages are means + SD (n = 17).

Detection of cytokines in culture supernatants

5+2%

560 100120
CD45RA-PE

0 20 40 60
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BkCD34*cells  CDT*45RA" CD7'45RA* CD7*45RA* DP HPCs generated lower DC numbers than SP HPCs
&% o% o.7% se% ' (2.6+1.1X 10 vs 7.7+ 4.1X 10%; P = .04; n= 6). Of note,

comparable DC percentages and absolute numbers were found in
cultures of SP and bulk HPCs.
CD34"CD7*CD45RA™ HPC expanded less than bulk HPCs:

starting from 1x 10 cells, 3.9% 2.6 X 1(P cells were recovered
p— on day 1_2 versus 20._2 10.2_>< 10° for bul_k HPQS _(P=_ .03;

Figure 2. Differentiation of NK cells from CD34 +CD7+*CD45RA~ n : 5)' This was associated with delayEd differentiation Into. DCs,

CD34+CD7+CD45RA*, and CD34 +CD7-CD4SRA* HPCs. Cellswere cultured for3  WHiCh represented 5% 3% of cells on day 5 versus 15% 7% in

weeks with SCF/IL-2/IL-7/IL-15, labeled with CD8-FITC and CD56-PE mAbs, and  bulk HPC cultures (P= .04; n= 4). However, later on, CDXecell

FACS+anaIyzed. Quadrants were sgt basgd on labeling with control mAbs. percentages were somewhat higher, but not significantly, in

e e s o o e CD34'CD7'CDASRA™_HPC cultures (day 8: 36% 19% vs

(CD7+45RA-) and CD34+CD7-CD45RA* (CD7-45RA*) HPCs, and of 7 for 2/% % 10%; day 12: 52%+ 14% vs 36%*+ 9%;P = .10).

CD34*CD7*CD45RA* (CD7*45RA*) HPCs. Altogether, these data indicate that, as with respect to NK cell

differentiation, DP HPCs also display the highest capacity to

generate DCs under the conditions used here.

CD56 - PE

0® ' ow? o ge? ef

e T T T T T T i FLARL P P T T T
w0l rol 10?100 10 ta! 102 108 100 10! w2 108 10 10’ 102 107 104

2% = 0.1% for bulk HPCs (Figure 2). Surprisingly, no NK cells
were detected in CDTTD45RA™ HPC cultures, even after up to
60 days (data not shown). The CD56ells in the cultures were Dendritic cells and natural killer cells differentiate from
almost exclusively myeloid CD14~ CD1a”~ cells. CD3 and common double positive progenitors

CD19 labeling was undetectable, which indicates the lack of T Or\%le thus examined whether DP HPCs comprised common DC and

lymphocyte differentiation in this system. At variance with thyml(i\lK cell progenitors. To this end, cells were plated at limiting

CD34*CDla HPCs3* differentiation of NK cells from . ..
CD34'CD7'CD45RA* HPCs was dependent on IL-15 (date ionS @nd cultured for 3 weeks under the DC or the NK
condition before scoring positive wells. DCs and NK cells were

not shown). then assessed by FACS, based on CD1a or CD56 expression. When
Differentiation of dendritic cells from CD34  +CD7-CD45RA+ cell numbers were too low, DCs were identified according to their
CD34+CD7+CD45RA+. and CD34+ CD7+CDA5RA- morphology after a 48-hour culture in the presence of CD40LT, and

NK cells by the binding of CD56 mAb-coated beads. In 2
independent experiments, clonogenicity was estimated as 1:3 and
We next examined the capacity of the HPC subsets to differentidtel under the DC condition, relative to 1:22 and 1:42 under the NK
into DCs in cultures with SCF/FL/GM-CSF/TNé&;:referred to as condition, DCs being found in all positive wells cultured under
the standard conditio#T:3851 This was followed based on CD1laeither condition; NK cell progenitor frequency were estimated as
expression. CD34CD7-CD45RA" cells (referred to thereafter as1:23 and 1:76 under the NK condition. As to SP HPCs, almost all
single positive [SP]) expanded at similar levels than bulk HPCggells still scored positive for DCs at the 1 cell per well dilution
whereas growth of CD34CD7*CD45RA" (double positive [DP]) under the DC condition, and no NK cells were found under the
cells was more limited (Figure 3): Starting fromx11(P cells on NK condition.

day 0, day 12 cell recovery was 3#71.0 X 10 cells for DP cells Because these data suggested that DP HPCs might contain
versus 15.5- 5.2 1 for SP cells. Nonetheless, the highesbipotent DC/NK progenitors, cells were seeded under clonal
CDla" DC percentages were found in DP cell cultures. There wecenditions (0.3 cell per well) and cultured for 3 weeks with
already 47%+ 6% DCs as early as culture day 5, 78%8% on cytokines of both the DC and NK conditions to allow for the
day 8, and 73%*= 22% on day 12, relative to 33% 10%, simultaneous differentiation of both cell types. Again, in 2 indepen-
37% =+ 15%, and 45%*- 17% DCs for SP HPCs (B .02; day 8 dent experiments, typical DCs were found in all cell-containing
and day 12). Also, at variance with thymic CD32D1a HPC2* wells, whereas only 5% and 30% of the clones also yielded NK
DP HPC survival, growth, and differentiation did not requireells that bound CD56 mAb-coated beads (data not shown). Thus,
exogenous IL-7, which was in agreement with the lack of CD124t least a subset of DP HPCs has the capacity to generate both DCs
expression (data not shown). Finally, because of limited expansi@md NK cells under the conditions used here.

hematopoietic progenitor cells

250
A --/x- bulk CD34+ cells B 4
1 —@— CD7-45RA+
200 —H— CD7+45RA+

bulk CD34+ cells

150
Figure 3. Expansion and differentiation into DCs of

SP (CD7-45RA*), DP (CD7*45RA"), and bulk CD34 *
HPCs cultured under the standard condition. (A)
Viable cell numbers were normalized relative to 1 X 105
seeded HPCs; means * SD (n =5 to 8); differences
were significant on days 5, 8, and 12 (P = .03 to .007)
between DP and SP HPCs, and on day 8 (P = .001) and 50
12 (P = .0005) between DP and bulk HPCs. (B) FACS
analysis of day 8 CD1a-FITC-labeled cells; means = SD
CD1la'* DC percentages (n = 8); differences between DP
and SP or bulk HPCs (P = .001), between SP and bulk
HPCs (P = .07). days in culture CD1a-FITC

CD7-45RA+
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absolute cell numbers (x10-5)
relative cell numbers
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o
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control - PE CD116-PE CD123-PE CD127-PE controt - PE E Cadh - PE Figure 4. Phenotypic characterization of DCs differen-
tiated from DP (CD7 *45RA*), SP (CD7-45RA*), and
bulk CD34 * HPCs. Results are shown as 2-color fluores-

CD7+45RA+ cence plots of cells cultured for 8 days under the
standard condition, labeled with CD1a-FITC and the
corresponding mAbs (y-axis) and FACS analyzed. Quad-
rants were set according to control antibody labeling.
Composite results of 2 experiments of 12.

CD7-45RA+

bulk CD34+ cells

10% 10" 102 16% 107 10" 102 10% 1p% 107 10% 103 10?
Loty !

100 10! w02 w30 10! 102 02 w? w! e e p?
: o e

00 10° 10 104 197 10° 0 10‘1

107 10" 10f 10% 10?1t 10 0% w0t 10’ 107 6% g0t w0l w0® a0% gt T

CD1a-FITC
Phenotypic characterization of dendritic cells differentiated DP- or bulk HPC-derived DCs indicates that CD123, CD116, or
from single positive and double positive hematopoietic E-cadherin expression relates to the DC differentiation/maturation
progenitor cells stage rather than origin.

We then examined whether DCs from SP or DP HPC origin

differed as to expression of cytokine receptors CD116/GM-CSFRgpuble positive hematopoietic progenitor cells do not require
CD123/IL-3R, CD127/IL-7R, as well as of CD11b, CD11c, CD83exogenous tumor growth factor  B1 to differentiate into

and E-cadherin. Irrespective of origin, DCs were homogeneouslgngerhans cells

CD11bfCD11ct (data not shown); DCs from SP or bulk HPC . . ) )
cultures were CD123 expressed intermediate CD116 and csze then mve_stlgated_ whether SP or DP HPCs pould differentiate
and low to undetectable E-cadherin levels, whereas DCs from B3 LCs. This was first approached by assessing Lag and S100
HPC cultures displayed a more complex pattern: Most Cfl@s ~ €Xpression by DCs of 8-day cultures under the standard condition,
were CD123, about 50% being also CD1%6, whereas CD1#/° with IL-4 being added for the last 3 days. The immature CD1a
DCs were CD116CD83" (Figure 4 data not shown), indicating DCs obtained in this manner were sorted from SP HPC, but not
that these corresponded to immature and mature DCs, respectivé§m DP HPC, cultures because at that time they represented more
Of note, 36%=* 13% of DP HPC-derived DCs expressed gthan or equal to 90% of the cells. Confocal microscopy examina-
cadherin (E-cadh) irrespective of CD1a level, relative to 13@9 tion showed that SP HPC-derived DCs were essentially°Lag
and 16%=* 9% (P = .03; n= 6) for DCs from SP or bulk HPC With only 10% to 25% being S1060 In contrast, DCs originating
cultures. Because such discrepancies could relate to difference§ @i DP HPCs were S100and approximately 30% were Lg
DCs differentiation/maturation kinetics as well as origin, IL-4Interestingly, most DCs differentiated from CD3@D1a thymic
TGF-B1 or CD40LT was added from day 5 onward to SP and DIFPCs were also S100and 30% to 40% coexpressed Lag (Figure
HPC cultures with SCF/FL/GM-CSF/TN&- On day 8, 3 days 5). Because these data argued for an association between the
later, immature CD1I®DCs were all CD83CD123%-CD127 E- lymphoid and LC differentiation potential of the HPCs, we
cadh’ in cultures with IL-4 or TGF-B1, whereas CD40LT inducedexamined whether TGF-B1 affected Lag expression by the DC
homogeneous mature CDYaCD83"CD123"CD127'E-cadi  progeny of DP and SP HPCs. In cultures conducted for 8 days in the
DCs (data not shown). That no difference was noted between Spresence of TGF-B1, the DCs obtained expressed similar CD1a,

CD7-CD45RAY CD7+*CD45RAY Thy CD34+CDla”

S100

Figure 5. Confocal fluorescence microscopy analy-

sis of S100 and Lag expression by immature DCs
differentiated from SP (CD7 ~45RA*), DP (CD7+45RA"),
or CD34+CD1la~ thymic HPCs. SP HPCs were cultured
for 8 days under the standard condition, IL-4 being added
from day 5 onward before DCs were sorted, based on
high CD1a expression, and cytospun; DP and thymic Lag
HPCs were cultured and processed under the same
conditions but without preliminary sorting (CD1a" DC
more than or equal to 90% of day 8 cells). Images at 0.25
mm pixel size were obtained at X 40 magnification, 1.0
numerical aperture, and visualized in pseudocolor.
Results are representative of 2 of 6 experiments.
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E-cadherin, CD83 and CD116 levels, and 60% to 80% became. ., day 5 day8 o dyi12
Lag" irrespective of their origin (data not shown). . 3‘/‘%’ ‘A% ; %f*

On electron microscopy (EM) examination, no BGs were |, . . CD7+45RA+
observed in DCs differentiated under the standard condition (datal -,
not shown). As to DP HPC-derived DCs, this discrepancy with Lag |, ] . .
labeling was not unexpected because these are transient structué@ ﬁ’i l*ﬂ I
found only in less than or equal to 20% of CD3#PC-derived 2o 1%
Lag" LCs>321In the presence of TGF-B1 (Figurg, 8.0% to 35% of
DCs originating from DP HPCs were BQelative to 0% to 20%
for their SP HPC counterparts: DP HPC-derived DCs displayed '=s R e
typical, short rod-shaped, BGs with periodically striated lamella cD1a-FITC
that were located in the central portion of the cytoplasm particéigure 7. Kinetics of CD1a and CD14 expression by cells of SP (CD7  ~45RA¥)
arly in the Golgiregion, whereas long and curved BGs dervelfs P (SOl SSRA HPE s, Sesse2 ol resceres Pt
resembling cytomembrane-sandwiching and endocytic StruCtuk@giyzed. Quadrants were set according to control mAb labeling. Data and percent-
formed by superimposition of clathrine-coated parts of the plasnages are from 1 experiment of 4, 8, and 6 on days 5, 8, and 12, respectively.
membrane were observed in DCs differentiated from SP HPCs.

Thus, DP and SP HPCs can both generate BGs, but only SP

™
12% [25%
AERY

CD7-45RA+

HPCs require exogenous TGF-B1. days, unless it was with 10-fold more TNF{500 instead of 50
U/mL), which indicates that this phenomenon does not depend on

Analysis of the CD1a *CD14-and CD1a~CD14* dendritic cell the kinetics of SP and DP HPC growth and differentiation (data

differentiation pathways from single positive and double not shown).

positive hematopoietic progenitor cells We next assessed the effect of M-CSF on SP and DP HPC

expansion and differentiation, based on the assumption that it
Because studies of DC differentiation from CD®&D1a thymic  would up-regulate CD14 expression by c-fms/CD15ecursor-
HPCs have shown the predominance of CDAR14 over derived DCs62°When M-CSF was added to the other cytokines,
CD1la CD14" precursor-derived DC¥,we examined these path only SP HPCs expanded fromxl 105 day O cells to 29+ 15 X 108
ways in SP and DP HPC cultures by sequential CD1a and CD&# day 12 relative to 19 11 X 106 without M-CSF (P= .006;
double labeling of cells (Figure 7). Total day 5 CDlaell n=6), whereas DP HPC cultures yielded only=42 X 10¢ cells
percentages were greater among the progeny of DP than of BRether M-CSF was present or not. In parallel, relative
HPCs (47%* 6% vs 33%=* 10%; P = .07; n= 4), which was CD1la CD14" and CD1aCD14" cell numbers in SP HPC cultures
primarily due to the occurrence of CD1@D14* cells and resulted with M-CSF were greater than under the standard condition, but
paradoxically in 2-fold higher total CD4 cell percentages this was not found for DP HPC-derived cells (Figure 8A).
(51% = 9% vs 25%= 9%; P = .07). However, on day 8, percent- Accordingly, day 12 CD1&CD14 DC percentages decreased
ages of CD1aCD14~ (46%= 8% vs 20%=* 11%; P = .002; from 29%= 15% to 4% 4% (P = .008; n= 6) when M-CSF
n = 8) as well as of CD18CD14" DCs (32%= 5% vs 18%* 6%; was added to SP HPC cultures relative to 48983% versus
P = .004) were greater in DP HPC cultures, indicating that mogBo, + 14% (P = .20; NS) for DP HPCs under the same condition
day 5 CD14 cells had then acquired CD1a. Accordingly, tota[Figure 8B). Of note, when cultured in the presence of M-CSF, only
CD14* cell percentages in DP HPC cultures decreased from abetfout 10% of DCs that differentiated from thymic CO®D1a
50% to 15% from day 5 to day 12, whereas they remained aroupgbCs became CD14data not shown).
25% in SP HPC cultures. Thus, although DP HPCs do not These data indicate that most DC precursors generated from SP
preferentially differentiate into DCs via CD1@D14" precursors, HPCs are c-fms/CD115whereas DP HPCs yield CD1&D14 c-
their CD1aCD14" progeny readily differentiate into DCs underfms/CD115 M-CSF-resistant DC precursors.
the standard condition. Of note, SP HPC-derived CD%#4lls
failed to down-regulate CD14 even when cultured for up to 15 to 2fQinctional characterization of dendritic cells differentiated
from single-positive and double-positive hematopoietic
progenitor cells

We then examined whether DC function could depend on the HPC
they derive from by comparing the allogeneic MLR stimulating
capacity of mature DCs derived from either SP or DP HPCs.
Immature CD1& DCs sorted from day 8 standard condition
cultures, to which IL-4 was added from day 5, were cultured for 3
more days in the presence of CD40LT, yielding homogeneously
mature CD83 DCs (data not shown). When these were added to
allogeneic adult T lymphocytes, the same MLR stimulation level
could be reached with about 2-fold less DP HPC-derived than SP
Foure 6. EM o of s oriaiating § D 4 P HPC o HPC-derived DCs (P= .12; NS) (Figure 9A). Because we previ-
igure 6. examination of S orlglnatlng rom an S. S were — :
sorted as indicated in the legend of Figure 5, from 9 day cultures under the standard OLfIS,Iy showed that’ Overa”’ CDiaD14 precurs?r-derlved DSS
condition with TGF-B1 added from culture day 0. Both DP HPC-derived (A) and s €liCit stronger MLR than those from CD1@D14" precursors;
HPC-derived (B) DCs present BGs (arrows). Note that typical cytoplasmic rod- we also compared the MLR-stimulating capacity of mature
shaped BGs, located at the vicinity of the Golgi apparatus, are present in DP CD1a'CD14 and CDl1aCD14* precursor-derived DCs from SP
HPC-derived DCs; in SP HPC-derived DC BGs are predominantly formed by a

and DP HPC cultures. Day 5 sorted precursors were cultured as

sandwiching process of the plasma membrane. Bars represent 200 nm. Data are >
from 1 of 2 experiments. above for 5 more days under the standard condition plus IL-4, and
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A B Figure 8. Effect of M-CSF on SP (CD7 ~45RA*)and DP
(CD7 * 45RA™*) HPC growth and differentiation.  Cells
from cultures under the standard condition, with (+) or
without (—) M-CSF, were recovered on day 12, labeled,
and analyzed as indicated in the legend of Figure 6. (A)
Data (means of 3 experiments) are expressed as abso-
lute labeled cell numbers ([percent labeled cells X cell
number]/100) normalized relative to 1 X 105 seeded
HPCs; statistical significance of differences between the
3 (+) and (—) conditions are indicated (upper panel). (B)
56% | 21% Results of one experiment are shown as 2-color fluores-

0.5% cence plots of cells labeled with CD1a-FITC and CD14-PE
coT-coasra+  MADS; quadrants were set according to control antibody
labeling.

B co1a*cD14-
O cota*cDi4*
O co1a"CD14%
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RN
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.
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culture day 12

CD1a-FITC

CDA4O0LT for the last 72 hours. On average, CDC®14 precursor- vs 5550+ 3385 pg/18 cells; NS), whereas IL-1p, IL-10, IL-12
derived DCs from DP HPC cultures stimulated the MLR 3-folgh70, and IL-15 were undetectable.
more efficiently than their CDXa&CD14" counterparts, both elicit Thus, DP HPC-derived DCs display limitedly, albeit signifi-
ing 3- to 6-fold stronger reactivity than either type of DC from SRantly, higher T-cell stimulatory and cytokine production capacities
HPC cultures (Figure 9B). than their SP HPC-derived counterparts.

This led us to examine the cytokine profile of allogeneic T
lymphocytes cocultured with the different types of DCs. Only
IFN-vy (range: 30-150 pg/mL) but not IL-4 or IL-10 were detectecbiscussion
in day 3 to day 7 supernatants of these cultures, with no differences
according to the DCs used. When T lymphocytes were recoverggalysis of in vitro DC differentiation pathways from discrete HPC
on coculture day 7 and restimulated with CD3 and CD28 mAbgopylations with defined developmental characteristics, eg, lym-
there were again no differences in IL-4 (35-180 pg/mL), IL-1Qhoid or myeloid potential, represents an attractive strategy to
(400-1350 pg/mL), or IFN-{1750-6500 pg/mL) levels in superna-compare DCs from different origins and, hence, to approach
tants. Thus, none of the DC populations tested here elicitgflaracterization of so-called lymphoid DCs. Because cord blood is
polarized Thalpen (Th) reactivities. rich in HPCs spanning from pluripotent to committed lineage-

When we assessed cytokine production in culture supernatapistricted populations, we examined CD34PCs for markers of
of the DCs (Figure 10), both CD1&D14" and CD1aCD14" |ymphoid or myeloid potential. Only CD45RA and CD7 appeared
precursor-derived DCs originating from DP HPCs produced highgslevant in this respect in that they permitted to individualize 3
levels than SP HPC-derived DCs, for IL-6 (1360735 vs D34 HPC populations, defined as CDZD45RA-, SP
375= 305 pg/16 cells; P = .004), IL-12 p40 (9950- 8525 vs Cp7-CD45RA*, and DP CD7CD45RA". These populations
4740+ 3150 pg/18 cells; P = .03), and TNF-a(825+ 475 Vs (jffered as to the capacity to differentiate into NK cells, selected as
255= 150 pg/10 cells; P = .015). IL-1RA production by DP marker of lymphoid potential. Unexpectedly, CBOD45RA-
HPC-derived and SP HPC-derived DCs was similar (7468290 HpCs did not generate NK cells in cultures with SCF/IL-2/IL-7/IL-

15, but they may in fact correspond to immature HPCs that require
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Figure 9. Comparison of the capacity of mature DC differentiated from SP or DP 5 500
HPCs to stimulate the MLR. (A) Immature bulk DCs sorted from day 8 standard %
condition cultures to which IL-4 was added from day 5, were cultured 3 more days in /
/
the presence of CD40LT to obtain mature CD83* DCs, which were then added to y
allogeneic T lymphocytes for 6 days. (B) CD1latCD14 or CDla CD14* DC precur- 0 Oj ]
sors sorted on day 5 from either SP or DP HPC cultures were cultured for 5 more days SP op 0 SP DP

under the standard condition plus IL-4 and with CD40LT for the last 72 hours, before

the mature CD83" DCs were added to the MLR. CD1a*DC: DCs obtained from
CDla*CD14~ precursors in SP or DP HPC cultures; CD14*DC: DCs obtained from
CDla CD14* precursors in SP or DP HPC cultures. Results are means *= SD of
counts per minute (n = 4). Statistical significance of the differences between the
MLR-stimulating capacity of the different types of DCs was determined by analysis of
covariance.

Figure 10. Comparison of cytokine levels produced by DC from SP or DP HPC
cultures. Supernatants of mature DCs, prepared as described in “Materials and
methods,” were assessed by ELISA for the indicated cytokines. Each point indicates
the supernatant of an individual DC culture. CD1a-DC (O): DCs differentiated from
CD1a*CD14~ precursors in SP or DP HPC cultures; CD14-DC (A): DCs differenti-
ated from CD1a-CD14" precursors in SP or DP HPC cultures.


http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on January 10, 2019. For personal use only.

BLOOD, 1 DECEMBER 2000 « VOLUME 96, NUMBER 12 IN VITRO DIFFERENTIATION OF CD34+* CELL POPULATIONS 3755

direct contacts with stromal cells to enter this path#a:>354 phenotype and function. DCs from both DP and SP HPC cultures
Actually, only DP HPCs generated NK cells under these cultusetually coexpressed CD11b and CD11c myeloid markers, whereas
conditions, which indicates their lymphoid potential. In paralletthey differed regarding markers such as E-cadherin (which was low
when cultured with SCF/FL/GM-CSF/TN&-to promote differen- or undetectable in DCs from SP cultures), CD116, CD127, or
tiation into DCs?337:38 DP HPCs also displayed higher DCCD123, but none of these was really discriminant. Confocal
differentiation, though lower expansion capacity, than the othericroscopy examination of cells cultured with IL-4 showed that
HPCs, especially SP HP%%3In line with these findings, cloning the immature DC progeny of SP and DP HPCs differed as to
experiments demonstrated that DP HPCs indeed comprised bipapression of LC markers S100 and Lag; whereas DCs that
tent NK/DC progenitors. From an ontogenic point of view, basedriginated from DP or from thymic CD34Dla HPCs were
on the observation that DP HPCs lack CD127, do not depend mostly S100 and could coexpress Lag, DCs derived from SP
IL-7 for survival, and require IL-15 to generate NK cells (data natlPCs were essentially S100ag-. When TGF-B1 was added to
shown), one may suggest that they could represent immediatétures, all DCs became L&grrespective of their origin, though a
upstream precursors of CD3@D1a thymocytes that also com higher proportion of DP HPC-derived DCs presented than typical
prise bipotent NK/DC progenitofs. BGs. Thus, at variance with myeloid SP HPCs, LCs do not require
Also, at variance with the thymic HPCs, cord blood DP HPCsexogenous TGF-B1 to differentiate from DP HP&E Finally, in
differentiate into DCs via both CDI&D14 and CD1aCD14" line with a recent repof€ on CD40 ligation, the mature DCs of DP
precursors, which nonetheless display developmental characteH&C origin produced more cytokines and stimulated allogeneic T
tics that distinguish them from their SP HPC-derived counterpartgmphocytes more strongly than SP HPC-derived mature DCs,
When cultures were conducted in the presence of M-CSF, abawen though differences were only limited. Moreover, although
half of DP HPC-derived CD1aCD14  DCs remained CD14 CD1a'CD14 precursor-derived DCs from DP HPC cultures
whereas most SP HPC-derived cells acquired CD14, which indtimulated the MLR more efficiently than their CDXaD14*
cates that only HPCs with lymphoid potential have the capacity tmunterparts, both elicited stronger reactivity than either type of
differentiate into DCs through unipotent CDIafms/CD115 DC from SP HPC cultures.
precursorg®3* Conversely, DCs that originated from SP HPCs Altogether, our results provide evidence that the DCs that
derived mainly from c-fms/CD115 precursors® indicating that differentiate from cord blood DP CDTD45RA" HPCs represent
SP HPCs comprise myeloid-committed progenitors. Altogethexn original population regarding their developmental pathways and
these findings indicate that the dichotomy between tHeanction. It may thus be possible that these DCs are rather
CDla CD14 and CD1laCD14" DC differentiation pathway82® dedicated to adaptative immunity, whereas DCs of myeloid origin
stems mainly at the HPC level. Because human CBCIx123" would be more involved as an interface between the innate and
plasmacytoid DC precursors express pre-&3Rwe are currently adaptative immune systertfs30.59
investigating their relationship with the CD1@D14 c-fms/
CD115 differentiation pathway, but one cannot exclude that
lymphoid HPCs may generate plasmacytoid DCs via yet anothacknowledgments
pathway. An unexpected finding was that, in contrast to SP
HPC-derived CD1aCD14" precursors that need IL-4, TGFL, We gratefully acknowledge the help of the following colleagues
high doses of TNF-a, or CD40 ligation to differentiate into DCsand companies: Pr. J. Milliez, service de Gynécologie-Obstétrique,
DP HPC-derived CD1aCD14" precursors acquired CD1la whilehépital Saint-Antoine (Paris, France) for the gift of cord blood
losing CD14 under the standard culture condition. This is in lineamples; Dr E. Thomas (Immunex, Seattle, WA), for the gift of
with the lack of proliferative response to M-CSF of the DP HP@ecombinant FIt3 ligand and CD40LT; Schering Plough (Ken-
progeny and indicates that DP HPC-derived CDQB14" precur ilworth, NJ), for the gift of recombinant GM-CSF and IL-4; Amgen
sors retain the capacity to differentiate into DCs. From afThousand Oaks, CA), for the gift of recombinant SCF; Drs L. J.
evolutionary point of view, DP HPC-derived CD1@D14" precur  Picker and P. R. Bergstresser (Southwestern Medical Center,
sors may therefore represent intermediates between unipotBatlas, TX), for the gift of anti-CLA mAb HECA-452; Drs F.
CD1a"'CD14 c¢c-fms/CD1152%34and c-fms/CD115' DC precur  Furukawa (Hamamastu University School of Medicine, Handacho,
sors that originate from myeloid SP HPCs, the differentiation dlamamastu, Japan), K. Yoneda, and S. Imamura (Faculty of
which into DCs requires additional signals. Medicine, Kyoto, Japan), for the gift of the anti-Lag mAb; and
In the last part of this report, we examined whether DCs th&atherine Durieu (ESA 7087, hopital Pitié-Salpétriere, Paris,
differentiate from DP or SP HPCs could differ regarding theiFrance) for cell sorting.
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