HEMATOPOIESIS

Generation of murine dendritic cells from flt3-ligand—supplemented

bone marrow cultures

Kenneth Brasel, Thibaut De Smedt, Jeffery L. Smith, and Charles R. Maliszewski

Murine dendritic cells (DCs) can be classi-
fied into at least 2 subsets, “myeloid-
related” (CD11b bright - CD8«~) and “lym-
phoid-related” (CD11b 94! CD8«™), butthe
absolute relationship between the 2 re-
mains unclear. Methods of generating DCs
from bone marrow (BM) precursors in
vitro typically employ granulocyte-macro-
phage colony-stimulating factor (GM-
CSF) as the principal growth factor, and
the resultant DCs exhibit a myeloidlike
phenotype. Here we describe a flt3-ligand
(FL)—-dependent BM culture system that
generated DCs with more diverse pheno-
typic characteristics. Murine BM cells cul-
tured at high density in recombinant hu-

man FL for 9 days developed into small
lymphoid-sized cells, most of which ex-
pressed CD11c, CD86, and major histo-
compatibility complex (MHC) class Il. The
CD11c* population could be divided into
2 populations on the basis of the level of
expression of CD11b, which may repre-
sent the putative myeloid- and lymphoid-
related subsets. The FL in vitro—derived

DCs, when treated with interferon- « or

lipopolysaccharide during the final 24
hours of culture, expressed an activated
phenotype that included up-regulation of

MHC class I, CD1d, CD8 «, CD80, CD86,

and CD40. The FL-derived DCs also exhib-
ited potent antigen-processing and anti-

gen-presenting capacity. Neutralizing
anti—interleukin-6 (IL-6) antibody, but not
anti-GM-CSF, significantly reduced the
number of DCs generated in vitro with FL,
suggesting that IL-6 has a role in the
development of DCs from BM precursors.
Stem cell factor, which exhibits some of
the same bioactivities as FL, was unable
to replace FL to promote DC development
in vitro. This culture system will facilitate

detailed analysis of murine DC develop-
ment. (Blood. 2000;96:3029-3039)

© 2000 by The American Society of Hematology

Introduction

Dendritic cells (DCs) capture and process antigens for presentatiarge numbers of mature DCs. These GM-CSF-derived DCs can
to naive T cells and B cellsAlthough they are relatively rare, DCsbe further activated and enriched by including interleukin
are found in a broad range of lymphoid and nonlymphoid tissué4.)—4.1213 DCs derived in GM-CSF plus IL-4 express cell-
and are considered to be essential for the rapid, efficient initiatisarface antigens typically associated with DCs, including
of an immune response. DCs are considered to arise from eitl#EC205, major histocompatibility complex (MHC) class I,
myeloid-committed or lymphoid-committed progenithrqiow- CD80, and CD86, and demonstrate potent allo-stimulatory
ever, the specific stages of development within these lineages activity.!®> On the basis of their expression of myeloid cell-
poorly defined, largely owing to a lack of understanding of whickurface antigens such as CD11b, 33D1, and F4/80, as well as the
growth factors regulate this process. More recent studies hdaek of CD8x expression, these GM-CSF—derived cells are
demonstrated that at least 2 cytokines, flt3 ligand (FL) armbnsidered to be the progeny of cells of the myeloid lineage.
granulocyte-macrophage colony-stimulating factor (GM-CSF), inymphoid-related DCs can be generated by culturing thymus-
duce DC expansion in vivd® Administration of FL to mice results derived CD#"™ precursors in a cytokine combination that
in large increases in vivo of 2 populations of DCs, which appear tocludes stem cell factor (SCF), IL-1, tumor necrosis faator
represent myeloid- and lymphoid-related subsets in normal lyriFNF-a), IL-3, and IL-7, but not GM-CSF* These DCs express
phoid tissues.In contrast, GM-CSF administration favors in vivovariable levels of CD11b and high levels of MHC class I, as
expansion of only the myeloid-related sub%eitudies in gene well as CD80 and CD86, but fail to express Gb&ormally
knockout (KO) mice support the notion that these cytokines pldpund on a subset of DCs from lymphoid tissues of nmite.
different roles in normal DC development. FL-deficient mice have Here we describe a novel method of generating large numbers
reduced numbers of lymphoid-tissue DCén contrast, mice of DCs in vitro from BM cells cultured in FL alone. Upon
lacking GM-CSF have normal numbers of DCs in lymphoidctivation with lipopolysaccharide (LPS) or interferandFN-c),
tissues but are functionally deficient at initiating B-cell and T-cellthese FL-derived DCs share morphological characteristics and
response&’0 phenotypic cell-surface antigens found on normal lymphoid-tissue—

The role of cytokines in DC development from hematopoiderived DC subsets. This culture system will allow us to investigate
etic precursors may be more easily examined with in vitrendogenous factors that contribute to DC development in the
culture systems. Inaba etlalhave shown that murine bonemouse and to directly compare the effects of exogenous cytokines
marrow (BM) cells cultured in GM-CSF for 6 to 8 days generaten DC development and differentiation.
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Splenic-derived DCs

Materials and methods Adult BALB/c or C57/BL/6 female mice were administered1§/d FL for
10 days in endotoxin-free PBS (Gibco) via intraperitoneal injectfokt24
hours after the last injection, the spleens were harvested and the DCs

Female BALB/c, DBA/2, and C57BL/6 mice (8 to 12 weeks of age) wergnriched as previously des_crib@cBrigﬂy, splgens were digested with 100_

obtained from Taconic (Germantown, NYY). The D011.10 mice were a kifdML collagenase (Worthington Biochemical Corp, Freehold, NJ), in
; ) i . N

gift from Dr Mark Jenkins (University of Minnesota). The C57BL/6 IL-6 Hanks'buffered salt solution (HBSS, Gibco) with Caand Mg' * and 1%

gene KO and control mice were purchased from The Jackson LaboratbfyS for 30 minutes at 37°C. The spleens were minced and large debris was
(Bar Harbor, ME). All mice were housed under specific pathoger{i-l ered out before washing the single-cell suspension in HBSS without
free conditior;s ' Ca"* and Mgt and 10 mmol/L EDTA. For functional assays (mixed

lymphocyte reaction [MLR] and stimulation of ovalbumin [OVA]-specific
T cells), DCs were enriched by being run over a Nycodenz discontinuous
Cell preparations gradient. Cells within the interface were collected and washed twice before
being used in antigen-presenting cell (APC) function assays. There were
BM cells were isolated by flushing femurs with 2 mL phosphate-bufferegwer than 1% contaminating T cells or B cells from the DC-
saline (PBS) supplemented with 2% heat-inactivated fetal bovine seryhriched interface.
(FBS) (Gibco BRL Life Technologies, Grand Island, NY). The BM cells
were centrifuged once and then resuspended in tris-ammonium chloride-gto|ogic assays
37°C for 2 minutes to lyse red blood cells. The cells were centrifuged again
and then resuspended in culture medium (CM) consisting of McCoytdarvested cells were centrifuged at room temperature onto slides at 30 000
medium Supp|emented with essential and nonessential amino acidst’o flO 000 cells per slide. Slides were air-dried and stained with LeukoStat
mmol/L sodium pyruvate, 2.5 mmol/L Hepes buffer pH 7.4, vitamins{Fisher Diagnostics, Pittsburgh, PA) for morphological analysis. Phase-
5.5 105 mol/L 2-mercaptoethanol (2-ME), 100 U/mL penicillin, 100 contrast observations of cultures were made by means of an inverted
pg/mL streptomycin, 0.3 mg/mL L-glutamine (PSG), and 10% FBS (alhicroscope (Nikon, Los Angeles, CA) at 460magnification.
media reagents from Gibco).

Mice

Flow cytometric analysis

DCs from harvested cultures were centrifuged once and resuspended in
cell-staining medium (SM) consisting of PBS supplemented with 2%
BM cells were cultured in CM containing 200 ng/mL (180 units/mL) humaieat-inactivated calf serum (Gibco), 2% heat-inactivated mouse serum
FL (Immunex, Seattle, WA) for 9 days at> 10%mL, in 6-well plates (Biocell, Rancho Dominguez, CA), 40g/mL 2.4G2 anti-Fc receptor mAb
(Costar Corning, Cambridge, MA) unless otherwise noted. Cultures wgi&TCC, Rockville, MD), and 0.02% sodium azide (Sigma, St Louis, MO).
incubated at 37°C in a humidified atmosphere containing 5% iB8@ir.  Cells were blocked with SM at 4°C for 20 minutes before incubation with
DCs were harvested from the cultures by vigorously pipetting and removingAbs. Cells were incubated with directly conjugated mAbs for 25 minutes
nonadherent cells, then washing each well 2 times with room temperatate4°C at 3 to 5< 10° cells per sample in a 50t volume. All mAbs were

PBS without Ca* or Mg** to remove loosely adherent cells, which werepurchased from Pharmingen, except where noted. The following mAbs
pooled with the nonadherent fraction. (clone name given in parentheses) were used: CD1d (1B1)pGB®R6.7),

DCs were also generated in BM cultures supplemented with GM-CSFD11b (M1/70), CD1lc (HL3), CD14 (rmC5-3), CD25 (7D4), CD40
plus IL-4 as describetf Briefly, BM was processed as described above(HM40-3), CD80 (16-10A1), CD86 (GL-1), IA(AF6-120.1), Gr-1 (RB6-
including lysis of red blood cells. BM cells were cultured ak4.05/mLin  8C5), Ly6c (AL-21), Ly6A/E (also known as Sca-1) (D7), andckit-

CM containing 20 ng/mL murine GM-CSF (Immunex) and 20 ng/mL(ACK45). Phycoerytherin-conjugated F4/80 (CI:A3-1) mAb was purchased
murine IL-4 (Immunex) in 6-well plates. On days 3 and 5 of culture, platéf§om Caltag Laboratories (Burlingame, CA). Biotinylated 33D1 (ATCC)

were swirled gently before two thirds of the conditioned medium wadnd DEC205 (NLDC145; Accurate Chemical and Scientific Corp, West-
removed with the nonadherent cells. Fresh GM-CSF and IL-4—containiRY'y. NY) binding were detected with streptavidin-phycoerytherin (Molecu-
medium were added back to the cultures. These cultures were harvested@brProbes, Eugene, OR). Propidium iodide (Boehringer Mannheim,

the nonadherent fraction after vigorous pipetting of DC clusters on dayl-p,dian(_)polis, IN) at 2pg/mL was added to exclude dead ceI_Is from )
and consisted of DCs and monocytes. analysis. We collected 10 000 events per sample. Flow cytometric analysis

Activation of the DCs from FL-supplemented cultures was acconf¥@S Performed on a FACSCalibur (Becton Dickinson, Mountain View, CA)
plished by the addition of 10 ng/mL recombinant murine GM-CSF, 100tith CELLQuest software (Becton Dickinson). Gates were determined with
U/mL human IFNe A/D (Genzyme, Cambridge, MA), or j.g/mL the }J_se of_approprlate isotype controls. Resu_lts are given as the percentage
Escherichia coli (E col)(0217:B8)-derived LPS (Difco, Detroit, M) POSitive minus background from appropriate isotype controls.
during the final 24 hours of culture unless otherwise noted. ) )

To distinguish between the presence of soluble and membrane-bol#feieration of DCs from sorted progenitor cells

factors produced by the BM cells, 6-well transwell plates (@md-filter; g cells from adult female C57BL/6 mice were processed as above, but
Costar) were used. Various concentrations of feeder cells (whole BM) W&uspended in SM after lysis of red blood cells. Depletion of lineage-
added to the upper chamber, and the lower chamber contaiRei®BM  positive cells was accomplished by incubating cells with unconjugated
cells at 2x 10°/mL (low—cell-density BM). The DCs were harvested frommap to CD11b, CD122 (TMb1), B220 (RA3-6B2), Gr-1, NK1.1 (PK136),
the lower chamber after 9 days of culture. In some experiments, FL WagR-119, and F4/80, for 25 minutes at 4°C. All antibodies were from
excluded or replaced with 100 ng/mL (160 units/mL) murine SCPharmingen, except F4/80 which was purchased from Caltag Laboratories.
(Immunex). The bioactivity of FL and SCF was determined using theabeled BM cells were washed and then incubated with sheep-antirat
WWF7 and MOTE cell lines, respectively. IgG—conjugated magnetic beads (Dynal Inc, Oslo, Norway) per instruc-

Cultures for cytokine neutralization studies were established as abowens. Nonadherent cells were collected and washed, then stained with
and neutralizing antibodies were included at the initiation of culture. Rghycoerythrin-labeled anti-fit3 (A2F10.1) mAb and pooled fluorescein-
anti-murine IL-6 monoclonal antibody (mAb) (MP5-20F3) (Pharmingerisothiocyanate—labeled mAb to the following lineage markers (Pharmin-
San Diego, CA) and the rat immunoglobulin (Ig)-@otype control gen) for 25 minutes at 4°C: CR3500A2), CD11b, CD11c, B220, Gr-1,
(Immunex) were used atjdg/mL. Rabbit anti-murine GM-CSF polyclonal and Ly6c. The fit3, lineage-negative population was sorted on the
antiserum (Immunex) was used at a dilution of 1:400, which was sufficieRACsVantage (Becton-Dickinson). Collected cells were cultured in a 200
to neutralize 10 ng/mL of recombinant murine GM-CSF (data not shown).L vol per well at high density (approximately 22610° cells per

DC cultures
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milliliter) in U-well 96-well plates (Costar). Media consisted of CMtants were assayed for murine IL-12 p70 by means of an enzyme-linked
supplemented with 200 ng/mL FL and 10% conditioned medium froimmunosorbent assay (ELISA) Quantikine k& & D Systems, Minneapo-
cultured spleen cells. Spleen-cell-conditioned medium, a source of DI&; MN). Limit of detection was 8 pg/mL.

promoting activityt® was prepared by mincing spleens from adult C57BL/6

mice in PBS, pipetting them vigorously to break up clumps, and theé‘tatistical analysis

washing and resuspending cells in CM. Spleen cells were then cultured at

3 X 10° cells per milliliter in T-75 flasks (Costar) for 10 to 14 days beforeStatistical analyses were performed by means of the unpaired 2-tailed
collecting the conditioned media. After sorted progenitor cells werStudent test.

cultured for 2 days, each well was transferred to another well in a 24-well

plate (Costar) containing FL-and 10%-conditioned media from spleen cells

as above. Cultures were stimulated withu@/mL E coli-derived LPS on

day 8 and harvested for cell counts and flow cytometric analysis on day Results

MLR assay Generation of CD11c¢ * DCs from FL-supplemented BM cultures

DCs were generated as described above. Briefly, BM cells from C57BLi6has previously been reported that the administration of FL to
mice were cultured for 9 days in media containing FL alone, in culturewmice generates large numbers of DCs in ViWe were interested
containing FL for 9 days to which LPS or IFNwas added during the final in determining whether culture conditions could be established in
24 hours of culture, or in cultures containing GM-CSF plus IL-4 for 7 daysyhich FL, as a single factor, could induce DC development in vitro.
Additionally, DCs were enriched from the spleens of mice treated with F{1rine BM cells were cultured at high density K.10° cells per

for 10 days. T cells were enriched from spleen and peripheral lymph noq‘?ﬁlliliter) in the presence of 100 ng/mL FL. After 9 days, cultures
(LNs) of DBA/2 mice by depletion of non—T cells with mAbs against B220 '

and CD11b, followed by removal of mAb-coated cells with sheep-antirgtomam(ad small lymphoid-sized cells that grew in clusters associ-
lgG—conjugated magnetic beads (Dynal). DBA/2 T cells at 16° cells ated with adherent macrophagelike cells. Cells derived from the
per well were seeded into U-well 96-well plates (Costar) and cultured wiﬁﬁl_-'squlemented cu_ltures of BM cells from BALB/c or C57BL/6
varying numbers of allogeneic C57BL/6-derived DCs in 200per well ~Mice expressed variable levels of CD11b, CD1lc, 33D1, CD86,
CM. Cultures were maintained for 5 days in CM at 37°C in a humidifieMHC class I, and Gr-1 (Figure 1). However, fewer than 1% of the
atmosphere containing 5% GO air. Alamar blue (Biosource, Camarillo, cells were positive for CD19 (B cells), CB3T cells), NK1.1 (NK
CA) at 20p.L per well was added during the final 24 hours of culitt&he  cells), or TER-119 (erythroid cells) on the basis of flow cytometric
optical density of the assay plates was read at a wavelength of 570 to ffalysis (data not shown). The absence of lineage-specific, cell-
nm on a Molecular Devices (Sun_nyvale, CA) plate reader with the use gfrface antigens for T, B, NK, and erythroid cells, and expression
SoftMax software (Molecular Devices). of CD11c and 33D1, as well as low levels of MHC class Il and
CD86, were suggestive of immature DC-lineage committed cells.
We detected 2 populations of DCs defined by CD11b expression.
CD4* T cells recognizing a peptide of chicken OVA in the context of IA One population expressed high levels of CD11b (CDvigtD,
were isolated from the spleens and peripheral LN of D011.10 TCRhile the other population expressed little to no CD11b (CB4b
traﬁsgenic BALB/_c micé_? Single-cell suspensions were incubated for 3Qost of the cells from FL-supplemented BM cultures were positive
minutes at 4°C with anti-CD8 (53-6.7), MHC class Il (IA, AMS-32.1),  tor cD11c (76%), with approximately 50% expressing CD86 or
and B220 (RA3-6B2) (Pharmingen). CDAT cells were enriched by MHC class Il. Expression of 33D1, a marker of marginal zone
depleting mAb-coated cells with sheep-antirat IgG—conjugated magnelg%3321 was restricted to the CDll’Eh"population Gr-1. a marker
beads (Dynal). of granulocytes, was expressed on half of the CD1Eb-derived
Antigen-presentation assay cells from BALB/c cultures, but on only a low percentage (7%) of
cells from C57BL/6 cultures. In mice administered FL for 9 days at
OVA presentation assays were performed in 96-well U-well plates (Costag)y 1Lg per mouse per day, we found that splenic-derived CD11c
Naive D011.11 OVA-specific CD4T cells at 1x 10 cells per well were DC from C57BL/6 and BALB/c mice were, respectively, 14% and
incubated either with a constant number of DCs(20* cells) per well and 250 positive for Gr-1 (data not shown). Th,us, cells gen’erated from

titrated OVA protein (Calbiochem, San Diego, CA), or in a constant amou
of OVA protein (300p.g/mL) with varying numbers of DCs per well. DCs -supplemented BM cultures from both C57BL/6 and BALB/c

were generated as described above. Briefly, BM cells from female BALB/RICE generate populations of cells that are phenotypically similar
mice were cultured for 9 days in media containing FL alone, or for 9 days IR DC subsets previously identified in lymphoid tissues of normal
cultures containing FL to which LPS or IFdwas added during the final 8 and FL-treated micé?!s

hours of culture, or in cultures containing GM-CSF plus IL-4 for 7 days. o

Additionally, DCs were enriched from the spleens of mice treated with FL-+ Put N0t SCF, supports in vitro DC development

for 10 days. Cells were cultured in 2@Q. per well in Dulbecco modified : .
nfractionated BM cell nerated DCs in cultur nly when th
Eagle medium containing 10% FBS, 2-ME, and PSG, at 37°C inLé'L actionated cells generated DCs in cultures only whe €

humidified atmosphere containing 10% g®air. Cells were cultured for 5 seedlng dgnSIty exceededS10°/ml (data not shown). Therefore,
days and then pulsed with OpECi 3H-thymidine for 8 hours, and the cells we |n\{estlgated the .role of endogenqusly produced soluble fac-
were then harvested onto glass fiber sheets for counting in a gas-pHidés) in the generation of DCs by using a transwell system that

Preparation and purification of antigen-specific CD4 T cells

beta counter. allows for the selective diffusion of soluble factors. BM cells at low
cell density (2x 1P cells per milliliter in lower chamber) were
In vitro IL-12 production assay cultured with increasing numbers of BM cells (upper chamber) in

Myeloid- and lymphoid-type DCs from FL-supplemented BALB/c BMthe presence or absence of FL or SCF, the ligand fist that

cultures were sorted and separated by their expression of CD11b and CD11&"€S activities and structural homology toFRegardless of the

by means of the Epics Elite (Beckman Coulter, Brea, CA). Sorted cells werd/l feeder-cell density in the upper chamber, cells cultured at low
cultured in CM supplemented with 20 ng/mL GM-CSF (Immunex)Cell density in the lower chamber did not survive in the absence of
20/ng/mL IFN+y (PBL, New Brunswick, NJ), and 5Q.g/mL Pansorbin €xogenous cytokines (Figure 2). Inclusion of SCF in the cultures
(Calbiochem) at 1x 1P cells per milliliter for 40 hours. Culture superna resulted in a 2-fold expansion of cells in the lower chamber, which was
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Figure 1. Flow cytometric analysis of cells generated in FL-supplemented BM.

BM cells from cultures from C57BL/6 or BALB/c mice were cultured at 1 X 106 cells
per milliliter in FL for 9 days (see “Materials and methods”). Gates were determined
with the use of isotype controls. Analyses were performed a minimum of 3 times for
each marker.
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forming growth factor (TGF)B+.; failed to inhibit DC develop
ment in vitro from FL-supplemented BM cultures (data not shown).
Neutralizing mAbs against murine IL-6 inhibited approximately
70% to 80% of the DC development during 9 days of culture
(Figure 3A). A similar effect was seen with neutralizing mAbs
against the murine IL-6 receptor (IL-6R) and gp130, both compo-
nents of the IL-6 receptor complex (data not shown). In addition,
FL-supplemented cultures of BM cells from IL-6 gene KO mice
produced fewer cells, compared with normal BM, and as expected
were not affected by the inclusion of the neutralizing anti—IL-6
mADb (Figure 3B). Residual cells harvested from FL-supplemented
cultures of BM from IL-6 gene KO mice and control cultures where
anti—IL-6 mAb was included still expressed CD11b, CD11c, CD86,
and MHC class Il similarly to control cultures (data not shown).
BM cells cultured in recombinant murine IL-6 alone did not
generate DCs (data not shown). Finally, polyclonal antibody
against murine GM-CSF did not affect DC development in this
culture system (Figure 3A). Thus, IL-6, but not GM-CSF, is an
important growth factor for DC development from FL-supple-
mented BM cultures.

Kinetics of DC development in FL-supplemented BM cultures

Cells from FL-supplemented BM cultures were harvested periodi-
cally over an 11-day period, counted, and analyzed for cell-surface
phenotype. Although the total cellularity was fairly constant over
time (1 to 3x 10 cells per well), there was a considerable change
in the relative proportion of monocytic-myeloid and B-lymphoid
cells, as assessed by flow cytometry (Figure 4). The number of cells
expressing CD19 (B cells) and Gr-1 (primarily granulocytes)
declined over time, while there was a concomitant increase in cells
expressing CD11c and MHC class IlI. After 9 days of culture, there
were no detectable erythroid cells (TER-1).9T cells (CD2*), or

NK cells (NK1.1") present (data not shown). Significant numbers
of CD11c" cells were not present until 5 to 7 days of culture, and
CD11c expression closely correlated with development of MHC
class Il expression.

w
(1]

further increased when feeder cells were included in the upper chamber.
However, fewer than 4% of the cells from the lower chamber, generated
in the SCF-supplemented cultures, expressed CD11c or MHC class II,
whereas 87% of the cells expressed high levels of Gr-1 and exhibited the
morphology of immature granulocytes (data not shown). BM cells
cultured at low density in FL-containing medium generated few cells
when the BM feeder cells were excluded (25% of the input number).
However, there was a linear dose response in the generation of cells in
the lower chamber when increasing numbers of BM feeder cells were
included in the top chamber, demonstrating the importance of cell
density for the production of soluble factors (Figure 2). Cells harvested
from the lower chambers under these conditions expressed CD11c
(85%) and MHC class Il (70%) similarly to what was shown in Figure 1.
Thus, feeder cell-derived soluble factor(s) can support DC development
in vitro when FL is the sole growth factor added exogenously.

Cell output/well (x10)

25
20
15
10
¢
54
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01—~ et

2 3 4 5
Feeder cells/well (x 10'6)

Role of endogenous IL-6 in DC development from
FL-supplemented BM cultures

Figure 2. Cell output from FL versus SCF-supplemented low—cell-density BM

cultures in the presence of titrated BM cells with the use of transwell plates. BM
cells at low density (2 X 10° cells per milliliter) were cultured in the lower chambers of
transwell plates, separated by a 0.4-um filter from the titrated feeder cells in the upper

We investigated the role of endogenous soluble factors in DiBambers. Cells in the upper and lower chambers were cultured in either culture

development in FL-supplemented cultures using neutralizing mAl
Neutralizing mAbs against IL-2, IL-3, IL-4, IL-7, IL-11, IL-15

bgedium alone (M), 100 ng/mL of FL (A), or 100 ng/mL SCF (@) for 10 days and then

harvested from the lower chamber, counted, and analyzed for expression of

» cell-surface antigens by flow cytometry. Results shown are representative of 3

granulocyte colony-stimulating factor (G-CSF), CSF-1, and tran&xperiments.
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A 35 possessed long dendrites (Figure 5D). In addition, for comparative
3 purposes, we generated DCs in cultures supplemented with GM-
& CSF and IL-4 as describé8.BM cells cultured for 7 days in
'g 2.5+ medium supplemented with 20 ng/mL GM-CSF and 20 ng/mL IL-4
X ] _I_ consisted primarily of adherent giant-multinucleated cells and
= macrophagelike cells, as well as nonadherent cells consisting of
; 1.5 * monocytes and cells with dendriform bodies. Only those cells in
= 4] reduced the nonadherent fraction were used to compare with FL-derived
O 76% DCs (Figure 5E).
0.5+ The cell-surface phenotype of activated DCs from FL-
ej rl—‘ supplemented cultures was assessed by flow cytometry. There was
NomAb RatmAb  Rat  Rabbit Rabbit anti- little change in expression of CD11b or CD1lc after 24-hour
control  control  anti-IL-6  serum  GM-CSF treatment of cultures with LPS, IFN; or GM-CSF; however, there
control were notable differences in the expression of other cell-surface
antigens. DCs generated in FL alone did not express appreciable
B 1.4+ levels of CD25 (IL-2Rx), DEC205, CD1d, or CD& and expressed
- 1.2_‘ T relatively low levels of CD40, MHC class Il, CD86, and CD80
“'; 1 (Table 1; Figure 6A-B). LPS treatment resulted in the up-regulation
M J . of CD25, CD40, DEC205, MHC class II, CD86, CD80, CD1d, and
; 0.8+ reduced 62% CD8ux (Table 1; Figure 6A-B). CD& and DEC205 were expressed
g ] from control . primarily by the CD11B" population (Figure 6B). In contrast,
g 0.6- mAb ednced 765 * expression of dms (CD115), the receptor for CSF-1, decreased
6 0.4+ t fmmWTc T after LPS treatment (Table 1). Like LPS, IFNincreased the
0'2_‘ L expression of CD25, CD40, DEC205, MHC class Il, CD86, CD80,
| CD1d, and CD& and decreased expression dhas Surprisingly,

o Rt mAD ot e ~ although overnight treatment with GM-CSF resulted in up-
at m al atm al . .
control  antiIL-6  control  anti-IL-6 regulation of CD40 and CD8O, there was only a moderate increase
in DEC205, MHC class Il, CD86, and CD1d (Table 1; Figure 6A).
WT BM IL-6 KO BM In addition, unlike LPS or IFNx, GM-CSF induced no increase of
Figure 3. DC development from BM cells cultured in FL. DC development from  CD8x cell-surface expression, yet fims expression increased
BM cells cultured in FL requires endogenous IL-6, but not GM-CSF. (A) C57BL/6 BM (Table 1) Expression of 33D1 was restricted to the myeloid DC
cells were cultured in FL plus anti-mIL-6 (murine IL-6) mAb, anti-mGM-CSF mAb, or ’ . . . . .
control antibodies for 9 days as described in “Materials and methods.” Replicate wells sgbset, and there was little Change in expression after stimulation
(n = 3) were harvested and scored for cellularity. (B) C57BL/6 or IL-6 gene KO BM  With LPS, IFN-«, and GM-CSF (Figure 6B and data not shown).
cells were cultured in FL plus anti-mIL-6 or control mAb for 9 days as described in Interestingly many DCs from unactivated cultures (FL alone)
“Materials and methods.” Replicate wells (n = 3) were harvested and scored for A ' .
constitutively coexpressed kit, as well as Sca-1 (stem cell

cellularity and results are presented as mean = SD. Each experiment was performed . ; .
aminimum of 3 times. *Significantly different from normal BM cells cultured in FLplus ~ antigen/Ly6A/E), and the expression of both cell-surface antigens

rat mAb isotype control (P < .05). increased upon activation with LPS or IrN¢Table 1). Both dkit
o ) and Sca-1 are cell-surface antigens typically used in murine
Activation of FL-derived DCs stem-cell purification protocoR$:25

Since the DCs generated from FL-supplemented cultures expressed
low levels of DC-associated molecules (Figure 1), we concluded
that DCs with an immature phenotype were being generated. We
investigated whether these cells could be activated in vitro with
cytokines or LPS. DCs generated from FL-supplemented BM
cultures were treated with jLg/mL E coli-derived LPS, 1000
U/mL IFN-«, or 10 ng/mL GM-CSF to assess morphological and
phenotypic changes associated with activation. LPS, dFNr
GM-CSF was added to FL-supplemented DC cultures during the
final 24 hours of culture (day 8). There was no statistically
significant change in cellularity in the cultures after 24 hours of
stimulation with LPS, IFNa, or GM-CSF (data not shown).
Cultures supplemented with FL alone contained small, lymphoid-
sized cells, growing as single-cell suspensions, although some cells — ‘ . .
grew in small clusters (fewer than 20 cells per cluster). Some of the 0 2 4 6 8 10 12
cells also possessed short dendrites (Figure 5A). Cells from Days in culture
LPS-treated cultures were larger; formed clusters (more than 50 o

cells per cluster) that adhered (0 the plasiic culire dishes; g * Mot o °€ feveooment o Fswpinenies CoTBUs B |
when separated by gentle pipetting, exhibited long dendrit@S, and 11 of culture, were harvested for enumeration of cells and analyzed for the
(Figure 5B). Cells from IFNx—treated cultures also increased irexpression of Gr-1 (), CD19 (#), CD11c (M), and MHC class Il (®). Results are
size and had extended dendrites, but did not form large adher®REZICE 8 T T, L o e ow eytometie analysis were
clusters (Figure SC)' FL-derived DCs treated with GM-CSF for 2gétermined with the usye of isotype controlé as described in “Materials and r)Tlmethods.”
hours formed large clusters and increased in size, but few celltiysis was performed a minimum of 3 times for each cell-surface marker.

Cells/well (x1075)
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A% ¢ ne B ) . cells, which has previously been described to contain an IL-6-like
B o %, activity and could promote murine DC development in viffo.
\_ . & ( L 4 % After 8 days of culture, the cells were stimulated with LPS and
oF gu £y E o <9 & harvested 24 hours later. Addition of LPS was used to up-regulate
; 8‘ f » ¢ DC-associated markers as shown in Figures 6A and 6B. Flow
& cytometric analysis demonstrated 2 discrete populations as deter-
! ﬁ mined by levels of CD11b and CD11c (Figure 7). Similarly to DCs
P | generated from whole BM cultured in FL and stimulated with LPS,
most cells expressed high levels of MHC class Il, CD80, CD86,
and CD40 (Figures 6A and 7). Cia8nd 33D1 were expressed
primarily by the CD11B" and CD11K" populations, respec
tively (data not shown). Thus, both myeloid- and lymphoid-type
. DCs, as assessed by phenotype, could be generated from hemato-
j . . poietic progenitors by means of FL and the conditioned medium
* 8, ¥ from spleen cells.

FL-derived DCs stimulate allogeneic T-cell proliferation

DCs from BM cultures supplemented with FL or with GM-CSF
plus IL-4, as well as DCs derived from the spleens of mice
treated with FL for 10 days, were assayed for allo-stimulatory
activity in an MLR assay. Each population of DCs was
‘9 approximately 75% to 80% positive for CD11c and contained
.‘ fewer than 1% contaminating T cells (data not shown). All
.‘ .. » ¥ populations of DCs had potent allo-stimulatory activity, al-
though those generated in vitro with FL alone had the least
’ * (Figure 8). BM cells cultured in FL and stimulated for 24 hours
. with IFN-a or LPS had enhanced allo-stimulatory capacity over
@ those in FL alone (approximately 10-fold, at 1000 DCs per
Figure 5. Morphology of cells generated from FL-supplemented BM cultures. We”)' DCs generated in BM CU|FUI‘ES .sgpplemented Wlth GM-
Cells were harvested and cytospins prepared. Cytospun cells were photographed at ~ CSF plus IL-4 were comparable in activity to DCs derived from
400 x magnification. BM cells from C57BL/6 mice were cultured in FL for 9 days  cultures supplemented with FL and activated with LPS. Splenic-
clone Eé;cgrsé'gucla;,e:d(gr(tgf {\',ln)fglisjhgg: :J,S:'etzrﬁVé';:_g’se,f::g'ﬁzoffotszss)j derived DCs consistently exhibited less activity than in vitro—
derived DCs. Thus, FL-derived DCs activated with IlelNer
IR)IDS, which induced up-regulation of MHC class Il and costimu-
latory molecules, resulted in potent allo-stimulatory activity to
%\duce T-cell proliferation in an MLR assay.

For comparative purposes, we generated DCs using B,
cultures supplemented with GM-CSF plus IL-4 as previousl
described® Flow cytometric analysis showed that most of the cell
constitutively expressed high levels of CD11b, CD11c, CD80,

CD86, and MHC class Il (Figure 6C). Some of the cells from thes%ble 1. Phenotype of FL-derived and GM-CSF plus IL-4—derived DCs
cultures also expressed CD1d, 33D1, CD25, CD40, DEC205, and

N ) No addition FL + GM-CSF

Sca-1, but not dit or CD8 (Figure 6C; Table 1). The phenotype marker (FLalone) FL+LPS FL+IFNa  GM-CSF +L4
of DCs derived from GM-CSE plus.IL-4 did not change signifi . ™ o p 0 1 7
cantly after a 24-hour stimulation with LPS, IFdN-or TNFw as  ¢p4 ™) 4 54 13 1 21
previously reported (Labeur et'&land data not shown). Thus, cpao 18 92 80 5 3
unlike DCs generated in GM-CSF plus IL-4, cells generated isec20s (L) 3 27 11 10 37
FL-supplemented BM cultures, when activated with LPS or beN-cDsa (L) 7 45 20 4 0
overnight, express a phenotype similar to both lymphoid (CBiLb F4/80 (M) 26 24 14 24 13
CD8ux*) DCs and myeloid (CD1#9"YCD8x~) DCs found in LyéC 16 24 42 20 ND
lymphoid tissues. Sca-1 61 92 95 69 17
c-kit 69 91 100 57 2
DCs can be generated from flt3 *, lineage-depleted BM c-fms (M) 17 4 6 35 ND

cell progenitors Cultures were established with BM cells cultured in FL for 9 days or GM-CSF plus

. -4 for 7 days from C57BL/6 mice as described in “Materials and methods.” LPS,
To address the question of whether DCs generated from Fjltl'\la, or GM-CSF was added to FL-supplemented cultures on the eighth day of

supplemented BM cultures arise from pre-existing DCs or progenRisdture, and the cells were harvested 24 hours later for flow cytometric analysis.
tor cells, the following experiment was performed. Cells from th&umbers are the percentage positive, after subtraction of background with the use of
BM expressing f|t3, a receptor found on Iymphohematopoietf e appropriate |s_otype controls as described in Matena_lls and m_ethods.. .Detecnon
d R X o of the above antigens was performed by flow cytometric analysis a minimum of 3
progenitor cell$? and lacking a number of lineage-specific markiimes, with similar results obtained each time.
ers (CD:E, CD11b, CD11c, CD122, B220, Gr-1, NK1.1, TER119, FL indicates fit3 ligand; GM-CSF, granulocyte-macrophage colony-stimulating
F4-80. and Ly60) were purified. This flit3 Iineage-depleted factor; IL, interleukin; DC; dendritic cell; LPS, Iipopolysaccharide; IFN, interferon; (M),
' arker expression restricted to the MAC1Pright/CD11c®! population; (L), marker
pODUIatlon represented fewer than 0.3% of whole BM. Sorted ce ression restricted to the MAC19U/CD11cPe"t population; ND, not determined.
were cultured in FL plus conditioned medium from cultured spleen *values given as percentage positive.
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Figure 7. Flow cytometric analysis of DCs derived from flt3 *llineage ~ cells.
FIt3*/lineage™ cells were sorted from BM and cultured for 9 days in 200 ng/mL FL
plus conditioned media from spleen cells. LPS at 1 pg/mL was added during the last
24 hours to induce maturation. Gates were determined with the use of isotype
controls as described in “Materials and methods.” Results shown are representative
of 5 experiments.

Processing and presentation of OVA protein to OVA-specific
CDA4 T cells

We tested the capacity of both FL-derived and GM-CSF plus
IL-4—derived DCs to process OVA protein and present it to
OVA-specific CD4 T cells in vitro. T cells from D011.10
transgenic mice express a T&R specific for the OVA peptide
fragment 323-339 presented on f-MHC class || moleculeg?
OVA-specific CD4 T cells were enriched from spleens and LNs of
D011.10 mice and then cultured either with varying numbers of
DCs in a constant concentration of OVA protein or with constant
numbers of DCs with titrated OVA protein; proliferation was
measured after 5 days. DCs were derived from in vitro cultures
containing FL (- LPS) or GM-CSF plus IL-4, as well as cultures
enriched from the spleens of mice treated with FL for 10 days. All
populations of DCs were approximately 72% to 76% positive for
CD11c and contained fewer than 1% contaminating T cells (data
not shown). In terms of inducing T-cell proliferation, DCs derived
in vitro with FL and stimulated with LPS during the final 8 hours of
culture demonstrated activity similar to DCs from cultures supple-
mented with FL alone; this similarity occurred both when DCs
were titrated and OVA protein remained constant (3@0mL) and
when OVA protein was titrated and APCs remained constant
(Figure 9A-B). FL-derived DCs stimulated with [F&for 8 hours
were also used and found to have activity similar to those
stimulated with LPS (data not shown). When OVA protein was held
constant, and APCs were titrated, DCs generated in vitro with the
use of GM-CSF plus IL-4 demonstrated activity similar to FL-
derived DCs. Additionally, those DCs generated in GM-CSF plus
IL-4 were less stimulatory to T cells than FL-derived DCs when

Figure 6. Flow cytometric analysis of activated BM-derived DCs. (A) FL-
supplemented BM cells from C57BL/6 mice were cultured for 9 days and stimulated
with LPS, IFN-a, or GM-CSF during the last 24 hours of culture. (B) Three-color
analysis of FL-derived (= LPS) DCs with CD11b and CD11c used to define myeloid-
and lymphoid-type DCs. (C) DCs generated in BM cultures supplemented with
GM-CSF and IL-4 for 7 days. Gates were determined with the use of isotype controls
as described in “Materials and methods.” Results shown are representative of more
than 5 experiments.
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Figure 8. Comparison of allo-stimulatory activity of FL-derived and GM-CSF
plus IL-4—derived DCs. DCs were enriched from spleens of mice treated with FL and DC/Well
generated from the BM of C57BL/6 mice cultured in GM-CSF plus IL-4 or in FL, as
described in “Materials and methods.” Splenic-derived DCs from mice treated with FL B 100000 ]
for 10 days ([]) and BM-derived DCs from cultures using GM-CSF and IL-4 (@), FL 90000
alone (A), FL plus IFN-« (® and dashes), or FL plus LPS (M) were cultured at various E
numbers in the presence of a constant number (1 X 105 per well) of T cells from 80000
DBA/2 mice for 4 days. Alamar blue was added for another 24 hours before 70000 1
measuring optical density (OD). DBA/2 T cells alone gave a mean OD of _
—0.044 * 0.031. Background OD from DCs alone was subtracted from DCs with |
60000
T cells. m g
U 50000+
) . . 40000
DCs were held constant and the OVA protein was titrated (Figure 30000.]
9B). Splenic-derived DCs enriched from the spleens of mice ]
treated with FL for 10 days were also used for comparison, but 20000+
found to be consistently less stimulatory to T-cell proliferation 10000
when compared with the in vitro—derived DCs. These data demon- o
strate that DCs generated in vitro with FL or FL plus leNare 3 10 100 1000 10000

competent at processing and presenting OVA protein to OVA

peptide—specific CD4T cells, and were comparable to those DCs OVA protein concentration (ng/mL)

generated in cultures supplemented with GM-CSF and IL-4. Figure 9. Comparison of antigen processing and presentation by DCs gener-
ated from FL-supplemented or GM-CSF plus IL-4—supplemented BM cultures.
IL-12 production is restricted to the lymphoid-type DCs (A) Splenic-derived DCs from mice treated with FL for 10 days (M) and BM-derived

DCs from cultures using GM-CSF and IL-4 (@), FL alone (A and dashes), or FL plus

Among the most profound functional differences between myeloiéIF-’s (®) were ;gltured with constant OVA protein (300 p.g/mL) and 1 X 10° cells per
. . . . L well OVA-specific D011.10 T cells. (B) DC and T cells were cultured at constant

and IymphOId'type DCsisIL-12 productlon, which is limited to th%oncentrations (2 X 10* DCs per well), and OVA protein was titrated. T-cell prolifera-
lymphoid subset®-226 We asked whether sorted DCs generated iion was measured on day 5 for both assays. Background counts from OVA-specific T
vitro from FL_Supplemented cultures could produce 1L-12 p70 an@i”S cultured without DCs in OVA protein (300 wg/mL) were fewer than 4000 cpm,

. . . 1 . and T cells without OVA protein and with DCs (2 X 10* DCs per well) were fewer than
if so, whether it would be reStr_ICted to the CDIH"dymphOId DC 1000 cpm. Background counts from DCs alone were fewer than 1000 cpm. Data
subset. DC subsets sorted with the use of the gates as ShowkdRsented are the mean = SD of triplicate wells, and the experiement was
Figure 6B were cultured for 40 hours in the presence of SAgrformeds5 times.

(Pansorbin), GM-CSF, and IFN- Lymphoid-type DCs generated
from FL-supplemented BM cultures made 10-fold more IL-12 p70 .
than their myeloid DC counterparts (Table 2). No detectable IL- fgsponse to FL alone, which suggests the presence of endogenous

70 was produced from unstimulated DCs (data not shown). actors. Addition of neutralizing mAb to IL-2, IL-3, IL-4, IL-7,
prBwas produ unstimu ( wn) IL-11, IL-15, CSF-1, G-CSF, GM-CSF, or TGBr3 to the FL-

supplemented BM cultures does not inhibit DC development,

Discussion

Table 2. IL-12 p70 production by myeloid- and lymphoid-type DCs
Here we describe a novel culture system to generate murine DCS pypjation
with cell-surface antigen expression and functional phenotype

IL-12 p70 (pg/mL)

.. . . i . Myeloid-type DCs 31+15
similar to thqse of DCs rg&dlng in lymphoid tissues. This cuIturLeymphoid_type bCs 312 = 46
system requires the addition of a single growth factor, FL, whereas

a structurally and functionally related grovvth factor, SCF, promotes DCs were generated from FL-supplemented BALB/c BM cultures as described in
. . . “Materials and methods.” Cells were harvested after 9 days of culture in FL alone and
the generatlon of immature granulocytes. Maximal DC numbe}#;n sorted for myeloid-type and lymphoid-type DCs with the use of CD11b and

are achieved after 9 to 10 days of culture, which is similar to thgb11c to delineate these populations (same gates as used in Figure 68). Sorted DCs

kinetics of FL-induced DC expansion in vivoThe cell-density were then cultured in culture medium supplemented with GM-CSF, IFNy, and SAC

dependence of this culture system suggests the invoNement(%xf\sorbin) for 40 hours at a cell density of 1 X 108 cells per milliliter. Supernatants
were assayed for murine IL-12 p70 by means of an enzyme-linked immunosorbent

endogenous factor(s) as well. Rasko é? hve demonstrated the assay kit. Results are the average + SD of 3 separate experiments.

cell-density dependence of murine BM cells in forming colonies in  ILindicates interleukin; DCs, dendritic cells.
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whereas neutralizing anti—IL-6 mAb significantly decreases DGM-CSF plus CD401#° Surprisingly, though, these cells also
yields, and BM cultures from IL-6 gene KO mice generate fewasxpressed COB, which we did not find on the BM-derived DCs
DCs than the wild-type cultures. Additionally, neutralizing mAbgdata not shown). We also found that TNFnduced potent DC
to IL-6R and gp130 are inhibitory (data not shown). Interestinglynaturation by up-regulating MHC class Il, CD80, and CD86, but
residual cells harvested from cultures where neutralizing anti—ILrfpt CD& (data not shown).
or IL-6R mAb were included had similar cell-surface marker LPS and IFNe down-regulated receptorfoasexpression. The
expression for CD11b, CD11c, CD86, and MHC class Il (data nebwn-regulation of this receptor for CSF-1 has been previously
shown). This suggests that IL-6 acts as a DC-proliferative fact@sported on human DC4:42The results of Olweus et4@lsuggest
and is not necessary for DC differentiation in this in vitro culturenat CD34/CD123right human DC progenitors are derived from
system. These findings are consistent with results from previog granulomonocytic pathway since this population initially
studies demonstrating a role for IL-6 in DC development. Humaskpresses éms and differentiates to CDI#c-fms DCs after
CD34" progenitors driven toward DC development with GM-CSFgyture for 5 days in IL-3 plus GM-CSF.
SCF, and TNFa produce IL-6 in vitro and require IL-6 for optimal  The coexpression of bothlit and Sca-1 following activation
DC expansior? In addition, a recently described culture systend pCs is a novel observation. Both of these cell-surface antigens
for the generation of murine DCs from cultured spleen cells al$gye been previously described as being expressed on lymphoid
exhibited an IL-6-like activity® More recent data from our tissye DCL5324347hyt never together in the same report. Murine
laboratory suggest that the IL-6 activity comes from the lineag@ematopoietic stem cells from C57BL/6 mice are described as
negative population in BM (data not shown). This would bﬁneage marker negative (such as B220, Gr-1, CD11b, CB8d
consistent with a previous report demonstrating Iineage-negatiMRl.l) and positive for Sca-1 andkit.2325\We found that after
progenitor cells from murine BM cells as a source of IB!&he  ginulation using LPS or IFNk, nearly all DCs expressed high
mechanisms by which IL-6 and perhaps other g|_0130-stimulatir[@,dS of both Sca-1 and kit, and this included the CD14%
growth factors, such as IL-11, LIF, and oncostatin-M, affect Dy h6id-type DC subset. Therefore, some activated DCs have the
development in vivo remains to be determined. same phenotype as described for stem cells from C57BL/6 mice.
GM-CSF has the capacity to induce both DC development froms a result of this observation, we recommend that investigators

precursor cells and activation of DCs in vitro and in vift132-43 urifying stem cells from C57BL/6 mice include DC-specific
In the present study, GM-CSF was not required for DC generati@@ll-surface antigens (CD11c and MHC class Il) for complete
from mouse BM in vitro, which is similar to a previous report tha}ineage depletion

antl—_GM-CSF mAD does nqt inhibit [.)C genera_tlon from murine We have also shown that, similarly to FL-treated mice, both

thymic precursors cultured in a cytokine cocktail (TNFL-13, lymphoid- and myeloid-type DCs, as defined by phenotype, are
_ _2\4 id ~ ) ’

IL-7, SCF, and IL-3). Lymphoid tissues from GM-CSF gene KOgenerated when BM is cultured in vitro with P28 Myeloid-type

mice have normal DC numbérshowever, these mice exhibit aI?Cs are characterized as CD#145, CD11c", 33D1", and CD&.",
defect in antigen-specific T-cell and B-cell activation at the level 0 . | N

. . L whereas lymphoid-type DCs are CD*#1h CD11c", 33D1", and
the APCs, which could be rectified by an injection of exogeno D8« The 33D1 antigen which was originally described as a
GM-CSF with the immunogehTaken together, this suggests tha ) 'gen, which w 'gmafly '

the role of GM-CSF in acquired immunity may lie at the level of‘narker of cells within the marginal zongswas expressed

L . . . L. i joht i
DC activation, survival, and/or migration to lymphoid tlssues(?xdus'vGIy by the CD119M cells. Pulendran et & previously

rather than DC development. delgnonst:rated tt_wat 33D1d \_Naf] res:rlcted ;o Fhe rptyelo(;d-t_ype D_C
We have demonstrated that as little as 24 hours’ exposurest‘t‘) set that was increased in the spleens of mice after administration

GM-CSF caused these immature DCs to cluster and up-regul8fd - Conversltlely, we found that there was no expression of 33D1
expression of CD40 and CD80, but there was surprisingly littfe" the CD11B" subset, but some of this population did express
effect on MHC class I, CD86, and other DC-associated antigerfs28¢ and DEC205 after activation with LPS and IFNtFigure
Optimal stimulation of FL-derived DCs with GM-CSF may requird®S: Table 1, and data not shown). In addition, both CD¥1and
longer incubation periods or the addition of other proinflammatofyD118"" subsets were generated from fif3ineage-depleted
cytokines. LPS and IFNe had more potent effects, including M cells cultured in FL plus conditioned medium from cultured
increased expression of cell-surface antigens expressed on magigen cells. o _ _ _
DCs from lymphoid tissues and important for DC function (ie, ©One of the pressing issues in murine DC development is
MHC class I, CD40, CD80, CD86, DEC205, and CD#dy:2635.36 Whether myeloid- and lymphoid-type DCs represent separate
Similar effects can be elicited in mice within 6 hours of Lpdineages. Numerous studies have addressed this issue by culturing
injection, and this is accompanied by DC migration from th@rogenitors in combinations of cytokines excluding GM-CSF, or by
marginal zones to the T-cell areas of spl&&IFEN-a has also been injecting defined progenitors directly into mi¢&34> However,
described as a potent DC activat®?® IFN-« induced maturation more recent reports have indicated that thymic- and splenic-derived
of human DCs generated in GM-CSF, TNF-and IL-4 under lymphoid-type DC development is not associated with T-cell
serum-free condition®.Other cell-surface antigens, such as GD8 development since Notch 1 KOs or mice deficient in both c-kit and
CD25, Sca-1, and kit, whose function in DC biology is unclear, IL-2Ry chain have thymic DCs, but no T cells or detectable T-cell
were also up-regulated by LPS and IkeNby means of the progenitors’®49We have notyet been able to demonstrate that only
FL-based culture system. one type of DC could be generated in the above culture with the use

CD8x* DCs are found in murine thymus, spleen, and peripheraf whole BM or highly purified progenitors, and in addition, we
LNs.15 We found that stimulation of immature DCs with LPS offind both types are typically generated at ratio of 1:1. This suggests
IFN-a, but not GM-CSF, resulted in up-regulation of G@8&nd that lymphoid- and myeloid-type DC progenitors are at an equal
this is the first report of in vitro—derived murine DCs expressinffequency and require the same cytokines for development, or that
this molecule. Arecent report has described @D@-regulation on development of a common progenitor into a lymphoid- or myeloid-
murine skin-derived Langerhan cells induced by culturing cells itype DC is a stochastic process.



3038 BRASELetal BLOOD, 1 NOVEMBER 2000 + VOLUME 96, NUMBER 9

In an MLR assay, DCs generated in vitro from BM supplemice results in production of IL-12 p40 by DCs found in T-cell
mented with FL and stimulated with LPS had similar alloareas of the spleen, and these cells coexpress CD11ay,GIDd
stimulatory activity as those DCs generated in GM-CSF plus IL-DEC205?” We found that lymphoid-type DCs from BM cultures
In addition, DCs generated in FL plus IFiNer LPS had activity produced 10-fold more IL-12 p70 than their myeloid-type counter-
comparable to DCs derived from GM-CSF plus IL-4 to stimulatparts. In addition, these data suggest that the differences in IL-12
OVA-specific T cells to proliferate. Surprisingly, DCs generated iproduction by DCs is intrinsic to the subset and not a result of the
vitro with FL alone were just as active as those DCs stimulated withicroenvironment from which the DCs were derived. Surprisingly,
IFN-«.. This may be a result of the DCs becoming activated by thhe GM-CSF plus IL-4—derived DCs, which are considered to
low levels of endotoxin that contaminate OVA protein (data natpresent myeloid-type DCs, make IL-12 p70 (greater than 1000
shown). However, until each DC subset from FL-supplementegy/mL) in response to LPS alone (data not shown and Labeur et
BM cultures is separated, it is unclear as to the contribution of eagh?). However, it has not been demonstrated that these in vitro—
to these function assays. Although we have found that FL-derivedrived myeloid-type DCs represent the myeloid-DC subset found
and GM-CSF—derived DCs demonstrate similar functional activiiyi lymphoid tissues in vivo.
in the assays we employed, there were subtle phenotypic andThe culture system described in this report will be useful for our
morphological differences. Most notably, the DCs generated ilhderstanding of the development of DCs for their potential use as

GM-CSF plus IL-4 were larger, had a higher level of autoflouresidjuvants both for infectious disease and in tumor biology.
ence, were constitutively activated (surface expression of MHC

class Il, CD80, CD86, CD1d, and CD40), and lacked expression of
c-kit and CD&.

Finally, to address whether lymphoid-type DCs generated ffomcknowledgments
FL-supplemented BM cultures represent those found in lymphoid
tissues, we stimulated both DC subsets to produce IL-12, which R&e thank Gary Carlton, Daniel Hirschstein, and Steve Braddy for
been described as being restricted to the lymphoid-type subsetehnical assistance and Anne Aumell and Drs Hilary McKenna,
defined by CD11b expressithor CD8&x expressior” 286 Adminis-  Stewart Lyman, and Douglas Williams for critical advice and
tration of LPS or solubl&oxoplasma gondiiachyzoite extract to review of this manuscript.
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