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Ligation of E-cadherin on in vitro—generated immature Langerhans-type dendriti

cells inhibits their maturation

Elisabeth Riedl, Johannes Stockl, Otto Majdic, Clemens Scheinecker, Walter Knapp, and Herbert Strobl

Epithelial tissues of various organs con-

tain immature Langerhans cell (LC)-type
dendritic cells, which play key roles in
immunity. LCs reside for long time peri-
ods at an immature stage in epithelia
before migrating to T-cell-rich areas of
regional lymph nodes to become mature
interdigitating dendritic cells (DCs). LCs
express the epithelial adhesion molecule
E-cadherin and undergo homophilic E-
cadherin adhesion with surrounding epi-

thelial cells. Using a defined serum-free
differentiation model of human CD34

hematopoietic progenitor cells, it was
demonstrated that LCs generated in vitro
in the presence of transforming growth

factor Bl (TGF-B1) express high levels of
E-cadherin and form large homotypic cell
clusters. Homotypic LC clustering can be
inhibited by the addition of anti-E-
cadherin monoclonal antibodies (mAbs).
Loss of E-cadherin adhesion of LCs by
mechanical cluster disaggregation corre-
lates with the rapid up-regulation of CD86,
neo-expression of CD83, and diminished
CD1la cell surface expression by LCs—
specific phenotypic features of mature
DCs. Antibody ligation of E-cadherin on
the surfaces of immature LCs after me-
chanical cluster disruption strongly re-
duces the percentages of mature DCs.
The addition of mAbs to the adhesion

molecules LFA-1 or CD31 to parallel cul-
tures similarly inhibits homotypic LC clus-
ter formation, but, in contrast to anti—E-
cadherin, these mAbs fail to inhibit DC
maturation. Thus, E-cadherin engage-
ment on immature LCs specifically inhib-
its the acquisition of mature DC features.
E-cadherin—-mediated LC maturation sup-
pression may represent a constitutive
active epithelial mechanism that prevents
the uncontrolled maturation of immature
LCs. (Blood. 2000;96:4276-4284)

© 2000 by The American Society of Hematology

Introduction

Dendritic cells (DCs) represent a developmentally heterogenecisstyr?). Migration of LCs involves the adhesion of LCs to th
class of leukocytes that are highly specialized in antigen uptalegidermal basement membrane &§ integrini® and it can be
processing, and presentation. DCs differ in migration pathwayshibited by monoclonal antibodies (mAbs) to CD44- varlalit
tissue location, and functional abilities. Mature DCs in T-cell areasoforms!! Passage of migrated DCs from lymphatic vessels irﬁo
of lymph nodes are known as interdigitating DCs and are in paFicell areas of draining lymph nodes at least partially requirf\és
derived from a peripheral DC migration pathway that involveshemokine SLC interaction with the mature DC-associated recgp-
immature DCs in peripheral organs such as epithelial Langerhans CCR712.13
cells (LCs)%3 After homing to T-cell areas of secondary lymphoid LC migration from the epidermis to the draining lymph nodesgs
organs, DCs rapidly undergo apoptosis unless they receivepreceded by the activation and maturation of immature LCs Iocziily
survival signal from antigen-specific T cefls. in the epidermis. Because immature epidermal LCs spontaneogsly
Immature epidermal LCs fulfill a sentinel role by filtering theundergo maturation on in vitro cultutéjnhibitory signals that arez
surrounding tissue for foreign antigens and pathogens. They formprvided by the epidermal microenvironment might likely countq%
3-dimensional network in suprabasal epidermal layers and speaad the maturation of LCs in vivo.
long time periods at an immature or a nonactivated differentiation We recently established defined serum-free culture condlthns
stage in the epidermis before they migrate to the lymph ndd€s.  for the in vitro generation of immature LCs from human CD34E
express high levels of the homophilic adhesion molecule Eerd blood progenitor cells. We demonstrated that LC dlfferent@
cadherin and undergo E-cadherin—dependent adhesion with epidien from CD34" cells is dependent on the addition of transformirg
mal keratinocyte$. E-cadherin expression is markedly downgrowth factor1 (TGF$1) to defined serum-free cultures supplé
regulated upon the migration and maturation of epidermal LCs, antented with granulocyte macrophage—colony-stimulating facfor
lower expression levels of E-cadherin on the surfaces of cultur€@M-CSF) plus TN and stem cell factor (SCF}. TGFB1 *
LCs correlate with decreased cell adhesivefgssC migration induces LC growth from shared clonogenic precursor cells with
can be induced in vivo by the topical application of allergens or thrayelomonocytic cells, and this effect on LC growth is strongly
intradermal or systemic injection of tumor necrosis faetor-enhanced by a synergistic activity of SCF plus flt3 ligand (FL).
(TNFa), interleukin-1, or lipopolysaccharide (LPS) (reviewed irLCs selectively accumulate in this differentiation model at an
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immature stage resembling epidermal LCs in vivo (Cf86, For suspension staining of intracellular antigens, we used the commer-

CD83", Birbeck granulé*, Lag**, CD1a"*, E-cadheriri*). cially available reagent combination Fix&Perm (An der Grub, Kaumberg,
The availability of a differentiation model that allows theAustria) according to the manufacturer’s procedure. Briefly, cells were first

maintenance of LCs in vitro in defined serum-free cultures at 4ffd for 15 minutes at room temperature (5 cells plus 100ul

immature stage provided the opportunity to study signaling mecr{)ﬁfmaldehyde'based fixation medium). After one washing with phosphate-

. . . . uffered saline, pH 7.2, cells were resuspended inpB0phosphate-
nisms leading to the maturation of immature LCs. Our data SU99%Eered saline and mixed with 1Q0L permeabilization medium plus 20

that functional aCt_'Vat'o'_q of the TGPd-induced Ce'! surface pL fluorochrome-labeled antibody. After further incubation for 15 minutes

molecule E-cadherin actively suppresses the maturation of LCSgiroom temperature, cells were washed again and analyzed by flow

this differentiation model. cytometry. Indirect suspension staining for the intracellular Birbeck granule
marker molecule Lag was performed as described previdbsly.

Flow cytometry and cell sorting

Materials and meth
aterials and methods Flow cytometric analyses were performed using a FACScan flow cytometer

Antibodies (Becton Dickinson Immunocytometry Systems) equipped with a single
) o ) - laser emitting at 488 nm. Cell sorting was performed using a FACS Vantage
Murine monoclonal antibodies of the following specificities were useflow cytometer (Becton Dickinson). The purity of the CD1eell fractions o

in flow cytometry analyses. CD34 (clone HPCA2) and CD11c (clongptained by sorting was determined by re-analysis and was founcg to
S-HCL-3) were obtained from Becton Dickinson Immunocytometrayceed 95%. 8

Systems (San Jose, CA). CD83 (clone HB15a) was obtained from
Immunotech (Marseilles, France). CD86 (clone 1T2.2) was obtaingsy,q piood cells
from PharMingen (San Diego, CA). Lag antibody (clone Lag), specific

for a 40-kd glycoprotein associated with Birbeck grandfesas kindly ~ Cord blood (CB) samples were collected during healthy full-term delivér-
provided by Drs Imamura and Yoneda (Kyoto, Japan). CD1a (clories. Mononuclear cells were isolated within 10 hours of collection %/
VIT6b) and a control mAb (clone VIAP, IgG1) were produced in ourdiscontinuous Ficoll/Hypaque (Pharmacia, Uppsala, Sweden) density gr‘gdi-
laboratory. Antibodies used in functional analyses are listed in Table @nt centrifugation. CD3% cells were isolated from CB mononuclear cell§
Monoclonal antibody preparations showing functional effects wergsing the MACS CD34 Progenitor Cell Isolation Kit (Miltenyi Biotec
controlled for endotoxin (LPS) and were found to contain less than 0Bergisch Gladbach, Germany) as described previdisigcording to the
ng/mL endotoxin, with the exception of the commercially obtained mAmstructions of the manufacturer. The purity of the CD3gopulation
HEC/75 (CD31), which contained low amounts (3.5 ng/mL) LPS. It isgxceeded 90%.

however, highly unlikely that the observed functional effects of CD31

mAb resulted from LPS contamination because we performed all tiRimary cultures of CD34 + CB cells

experiments in serum-free medium that did not contain significant » .
amounts of LPS-binding protein and soluble CD14. Furthermore, weimary (1°) cultures of purified CD34CB cells were grown in 24-well
detected similar amounts of LPS in 2 additional mAb preparations thR[tes (Costar, Cambridge, MA) (8 10° cells in 1 mL/well) at 37°C in a

did not show functional effects on DC maturation when added to parall@ymidified atmosphere and in the presence of 5%, Gf3 previously
cultures (clones 4B4, CD29 and HP2.1, CD49d). described by u& The serum-free medium X-VIVO 15 (BioWhittaker,a

Walkersville, MD) contained L-glutamine (2.5 mmol/L), penicillin (125
U/mL), and streptomycin (12Rg/mL). Cultures were supplemented withs
Immunofluorescence staining procedures optimized concentrations of the following human cytokines: FL (l(ﬁ)

For membrane staining, 5L cells (10/mL) were incubated for 15 ng/mL; kindly provided by Immunex, Seattle, WA), TG# (0.5 ng/mL;

; N o~ . purified from platelets; British Biotechnology, Abington, UK), rhTMF50
minutes at 0°C to 4°C with 20L conjggated rr_1Ab. Cells Werg V\.IaShEd andU/mL; Bender, Vienna, Austria), rhGM-CSF (100 ng/mL; Novartis, Basel,
analyzed by flow cytometry or submitted for intracellular staining. =3

Switzerland), and rhSCF (20 ng/mL; Amgen, Thousand Oaks, CA). A 5@%
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medium exchange was regularly performed at culture day 7. g
[
Table 1. E-cadherin surface expression by cultured cells o . §
- - Secondary cultures of in vitro—generated immature LC >
E-cad® (MFI)* Experiment 1 Experiment 2 .
1° culture day 10t Secondary (2°) culture experiments were set up using cells generated @ 1°
GMISCF/FL/TNFo/TGF-p1 40.4 (31.3) 415 (28.3) LC generation cultures as descrlbed above. CeIIs_ from 1° cultures were
1° culture day 121 harvested at days 10 to 14. Single-cell suspensions were prepared by
GMISCF/FL/TNFo/TGF-p1 41.0 (21.6) 461 (207) plpeFtlng, and resuspended cells were plated in thg above-described growth
2° culturet medium X-VIVO 15 in 24-well plates at a cell density of<L10P cells per
GM-CSE 32.9 (20.3) 355 (23.8) well (1 mL). Culture§ were supplemented with _GM-CSF, _'BNFor
2° culture TGF{1, or any combination of them, at concentrations described above.
GM + TNFa 31.3(18.7) 416 (21.8) CD40 ligand trlmgr (CD40L; 200 ng/mL; kindly provided by Immunex)
2° culture was added when indicated.
GM + CD40L 33.1(19.3) 32.5(21.2)
2° culture Aggregation cultures of LC in the presence of antibodies
GM/SCF/FLITNFa/TGF-B1 50.3 (24.7) 49.3 (21.0)

Cells from 1° cultures (see above) were harvested, carefully resuspended by
E-cad indicates E-cadherin; MFI, mean fluorescence intensity; GM, granulocyte ~ PIP€tting, and submitted to 2° cultures (ie, aggregation culturespofls*
macrophage; SCF, stem cell factor; FL, flt3 ligand; TNFa, tumor necrosis factor-o;  cells/well in flat-bottomed 96-well plates (Costar) under exactly the same
TGF-p1, transforming growth factor B1; CSF, colony-stimulating factor. growth conditions as for 1° cultures. These reaggregation cultures were
*Mean fluorescence intensity of gated E-cadherin® cells evaluated by fluores- supplemented with 2@g/mL mAb when indicated, preincubated with mAb
cence-activated cell sorter (FACS). ) for 20 minutes at 4°C, and transferred to 37°C. After additional culture for
TLCs generated in primary (1°) cultures of CD34" cells in the presence of the . .
indicated cytokines. 24_h0urs, ce_II cluster forman_on was anal)_/zed py phase—contrz?lst microscopy
$LCs harvested on day 10 and subcultured for 48 hours in secondary (2°) ~ USINg a scoring system previously established in our laborttenth slight
cultures in the presence of cytokines, as indicated. modifications. Scores ranged from 0 to 4, as follows: 0, less than 10% of the
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Results

TGF-B1-induced LC generation is associated with maturation
i ? arrest of generated LC at an immature, epidermal LC-like
(1 S et e T el differentiation stage

" ‘cpgs —» ' CDB3 —» —E-CAD—»
TGF-B1 nonsupplemented We recently described that the addition of T@E-to serum-free
(2 % - cultures of CD34 cells, supplemented with the cytokines GM-
o % 21 CSF plus TNk, SCF, and FL, results in the generation, after a
é:e' k K culture period of 7 to 10 days, of a large cell fraction that strongly
|§ |2 5 ; expresses CDla (approximately 60%)ndistinguishable from
’mi_m(':dgs W ‘i'ngzs LG "004'1‘5-(?;\663—24 epidermal LC in vivo, most CDTacells generated in these cultures
are predominantly CD86 (B7.2)~ and lack expression of the
B day 7 day 16 mature DC marker molecule CD88This immature DC pheno
- — type of most of the generated cells remains preserved on extension
::; ; > of the culture period to 14 to 16 days (Figure 1A,B). Furthermog,
é—z - most CD1la cells generated in these Tqa?.L—suppIementedé
TBER i vt e R v avcaus e cultures express high levels of the homophilic epithelial adhesfbn
CD86 > molecule E-cadherin (Figure 1A, upper right diagram), and a Ia@e
4: e proportion of cells expresses the Birbeck granule—associated
= ~Z molecule Lag (Figure 2, upper panel; mean, 52% at day 14 to 36;
) = n = 7). Cells generated in identical culture medium in the absefte
A R Al S of TGF1 lack expression of Lag (Figure 2, lower panel), argj

CcD83 > . . .
most of these cells remains CDY&-cadherin (Figure 1A).
Figure 1. Cells generated in the presence of TGF- B1 show specific features of

immature epidermal LCs. (A) Purified CD34* cells were cultured for 14 days in The most Stl’_lklng morph0|09lc feature of Tqa:'L_SUpple_
defined serum-free medium supplemented with the cytokines GM-CSF plus TNFo, ~ Mented cultures is the occurrence of large cell clusters from cultgre
SCF, and FL in the presence or absence of TGF-B1. Day 14-generated cells were  day 7 on (Figure 2, upper panel). In comparison, little or no cell
harvested and analyze_d for the expression of informative molecules. !Z)iagrams :_show clustering occurs in TG Bl—nonsupplemented cultures (Figure g’
the correlated expression of CD1a versus CD86, CD83, or E-cadherin, respectively, . Q
by generated cells in the presence or absence of TGF-1. (B) Time kinetics analysis lower panel)' TGFBl_dependent LC generation and cell C|U5t§_r
of cells generated in cultures of CD34* cells supplemented with the cytokines ~formation are accompanied by dramatic cell multiplication. At d@/
parallcuures harvestedatday 7 o 16 for CD1a serous CDBS or CDB3 expression, -, 0, CD34" cellsimL plated in 24-well plates give rise to;
Eespectively. Markers were set a);:cording to negative control staining. P ’ 21X 10°t05.4X 10° (m_ean’ 3.5 105; n= 7) cells after day 12. 5
Thus, cells generated in these cultures in response to B'I;F"g
stimulation resemble immature LCs. They fail to undergo furthgr
cells were in aggregates; 1, 10% to 50% of the cells were in aggregatesP£; maturation despite the presence of THNR culture, which has 3
approximately 50% to 75% of the cells were in aggregates; 3, 75% to 908éen previously demonstrated to induce maturation (CBB6
of the cells were in aggregates; 4, 90% to 100% of the cells were @D83") of in vitro—generated immature DCs in cultures of CD3
aggregates. In the first series of experiments, these cultures were initiated
with total cells generated in primary cultures at day 8. To further study
direct homotypic LC-to-LC interaction, we initiated identical cultures (see
above) with flow sorted CDZTacells generated after 10 to 12 days in 1°
cultures. To assess the differentiation stage of LC, cells from thes¢cTGF-B1
reaggregation cultures were stained for CD1a or were double-stained fcSuppl.
CD1la versus CD86 or CD83 expression and analyzed by flow cytometry a
indicated in “Results.”
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Mixed leukocyte reaction

Graded numbers of irradiated (30 Gy; cesium Cs 137 source) stimulatcTGF_B.]
cells (generated LC) were added to constant numbeps {8*well) of on-
purified (greater than 98%) allogeneic T cells in round-bottom 96'We”suppl.
tissue culture plates (Costar). Triplicate analyses were performed
Stimulation of responding T cells was monitored by measurHg

thymidine (Amersham Life Science, Buckingham, UK) incorporation on

1-12‘

0

day 5 of culture. Incorporated radioactivity was measured using & 100 1! 102 10* e
Top-Count microscintillation counter (Packard Instrument, Meriden, — LAG—

CT). Allogeneic T cells used in these experiments were pu”f'eﬂgure 2. Cells generated in the presence of TGF-  B1 form large cell clusters and

from peripheral blood mononuclear cells by negative immunomagnetigpress the Birbeck granule antigen Lag.  Purified CD34* cells were cultured for
depletion (MACS beads; Miltenyi Biotec) using mAbs specific forl2to 14 days in serum-free medium supplemented with the cytokines GM-CSF plus
CD14 (clone VIM13; generated in our laboratory), CD16 (clongdNFa, SCF, and FL in the presence or absence of TGF-B1. Day 12—generated cells
3G8; Caltag), CD19 (clone HD37; kindly provided by Dr G. Molden-vere harvested and analyzed by phase-contrast microscopy (original magnification,

. . ..~ X20) and flow cytometry. Diagrams show expression of the intracellular Birbeck
hauer, Heidelberg, Germany), HLA-DR (clone L243; ATCC, RC)Ck\””egranule—associated molecule Lag versus orthogonal light scatter (SSC) of cells

MD), and CD33 (4D3; generated in our laboratory) as previouslyenerated in the presence or absence of TGF-B1, as indicated. Markers were set
described by ugé according to negative control staining.
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showed a more mature DC morphology (Figures 3A, 4). Interest-
ingly, even in the presence of GM-CSF alone (Figure 3A, third
panel), 2° cultures contained higher percentages of CO&fls
than 1° control cultures in which cell clusters remained undisturbed
(Figure 3A, bottom). Parallel staining of cultured cells for addi-
tional marker molecules revealed a marked up-regulation of cell
surface expression of HLA-DR, CD80, and CD54 molecules in
parallel with the above-described DC maturation-linked pheno-
typic changes (CD83 induction, CD86 up-regulation, and de-
creased CD1a expression). Conversely, most CDdells ex
pressed CD11lc, and CD1lc expression levels did not clearly
change in 2° cultures (data not shown).

Figure 3, panel B shows a phenotypic analysis of cells
stimulated in the presence of fresh medium supplemented with the
initial cytokine combination (TGB1 plus GM-CSF, TNk, SCF,
and FL). As can be seen, cells that were resuspended achg}red
mature DC characteristics (Figure 3B, open histograms), whergas
cells that remained as cell clusters (Figure 3B, filled histograrés)

prim.
cuiture

B u u stayed predominantly CD86'~ and CD83™/~. S
. . . O

§ § These experiments demonstrate that cytokines present ire 1°
@ , ’ cultures (ie, GM-CSF plus TN sufficiently promote the matura-§
1070 00 0010107 10 tion of LCs. Thus, the maturation arrest of immature LC in &
— CD86— —CD83 -~ . N
cultures cannot be explained by a lack of DC maturation stimuli g
Figure 3. Generated LCs acquire mature DC features in defined serum-free 2° 5
cultures. Cells were generated in serum-free medium in the presence of TGF-B1, as Ea’—
shown in Figure 1. They were resuspended and plated in serum-free 2° culturesand ~ TGF-B1 supplementation does not inhibit LC maturation @
further stimulated in the presence of cytokines (see “Materials and methods”). As in 2° cultures i
shown in (A), 2° cultures were supplemented with either GM-CSF (GM) plus TNFa, g
GM-CSF plus CD40L, or GM-CSF alone. Control cultures represent primary cultures . . .9
in which cell clusters were left undisturbed and which were maintained over the !‘CS generat(_ed in primary TGP1-supplemented _cultur_es remalg
48-hour secondary culture period. Diagrams show representative flow cytometric ~ immature (Figure 3A, bottom). Because TGE-is mainly de- s

analyses of cells from these 2° cultures or from primary control cultures for the  scribed as a suppressive cytokine that inhibits immune responises,
expression of CD86 or CD83 versus CDla (see “Materials and methods”). (B) GﬂF] H : >
Representative CD86 or CD83 expression profiles of cells after resuspension and we next asked WhEthe.r T mlght suppress the mituratlon 0§
further stimulation in 2° cultures supplemented with fresh medium containing the LC. To StUdy this pOSSIbI|Ity, we added Tqﬂ to the 2° cultures E
cytokines TGF-B1 plus GM-CSF, TNFa, SCF, and FL (lines). Overlay diagrams (filed) ~ supplemented with either GM-CSF plus Ter GM-CSF plus 3

show parallel cultures set up in identical fresh cytokine-supplemented growth CD40L and phenotypically characterized cultured cells. We @_

medium without resuspension (ie, representing undisturbed cell clusters). Markers
were set according to negative control cultures.

served similar CD86 and CD83 expression patterns by cultuged
cells in the presence or absence of T@E{Figure 5), demonstrat-
ing that TGFB1 does not inhibit LC maturation in 2° cultures.

hematopoietic progenitor celt825> We investigated whether this

LC maturation arrest was caused by a lack of stimulatory facmfﬁ%plating immature LC in 2° cultures at a high cell density

not present in our defined serum-free cultures or by an inhibitopyy,ces rapid LC re-aggregation

effect of TGFS1.

28U/YER0

6 Aq ypd 9.2¥000%;

The experiments described above revealed that the observe(ﬁLC

LCs acquire mature DC features when resuspended and plated maturation arrest in 1° cultures cannot be explained by a lackof

in defined serum-free secondary (2°) cultures

LCs generated in the above-described primary cultures of CD34
cells for 10 to 14 days were harvested, resuspended to obta
single-cell suspensions, and plated in 2° serum-free cultures
Stimulation of LC in these 2° cultures in the presence of GM-CSF i
plus TNFx for 48 hours resulted in the acquisition of mature DC
features by most generated CDleells. As shown in Figure,3
panel A (top diagrams), most immature CE®& cells from
primary (1°) cultures acquired increased expression of CD86 an
were found to express the mature DC marker molecule CD83 ol
stimulation with GM-CSF plus TNé&. These phenotypic changes
were correlated with a marked reduction of mean CD1a expressio
density of cultured cells (Figure 3A). Morphologic examination of
GM-CSF plus. TNke-supplemented 2_0 CU|tl.JI’eS revealed _num?roqf?gure 4. Morphologic features of mature DCs in serum-free 2° cultures. Cells
loosely plastic adherent and floating single cells with highlyere generated in serum-free medium in the presence of TGF-B1, as shown in Figure
dendritic processes (Figure 4). GM-CSF plus CD40L-supplé-They were resuspended and plated in serum-free 2° cultures (see “Materials and
mented parallel cultures showed a similar maturation patter‘Pﬁ‘hOds") supplemented with GM-CSF plus TNFa or GM-CSF plus CD40L and
though these cells were found to be consistently brighter CD86U tured for 48 hours. The typical microscopic appearance of cells from these 2

h ultures in the presence of GM-CSF plus TNFa or GM-CSF plus CD40L is shown
and CD83 than those cultured in GM-CSF plus ThFand they (original magnification, x40).

2oz aunr |
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Figure 5. Addition of TGF- B1 to serum-free 2° cultures does not inhibit the
up-regulation of CD86 or CD83 expression.  Cells were generated and replated in
2° cultures as described in Figure 2, and 2° cultures were supplemented with
GM-CSF plus TNFa or GM-CSF plus CD40L. The effect of the addition of TGF-1 to
these 2° cultures on the expression of CD86 or CD83 by cultured cells is shown.
Representative histograms show CD86 or CD83 expression of cells stimulated in 2°
cultures in the presence or absence of TGF-B1, as indicated.

Figure 6. Representative cell morphology in the presence of mAbs to adhesion
molecules. Generated cells from primary LC generation cultures were harvested
and replated at a high cell density in 2° cultures supplemented with the cytokines
GM-CSF plus TNFa, SCF, FL, and TGF-B1 in the presence or absence of mAbs
specific for adhesion molecules. Photomicrographs show representative cell morphol-
ogy (original magnification, X20) of these 2° cultures before (B) or after (A, C, D)
culture for 24 hours. Monoclonal antibodies of the following specificities were added:
A, control; C, E-cadherin; D, CD43 (see also “Materials and methods”).
maturation-inducing cytokines or by a direct maturation suppres-

sive effect of TGFB1. Therefore, we investigated an alternative L . . . s,
ersely, expression intensity of E-cadherin even increasesgin

possibility and analyzed whether LC clustering may provide Y

° L R >
suppressive signal that prevents the maturation of LC in th;??rallel 2° cultures containing the initial TGF—supplemented 3

differentiation model. cytokine combination. s

We observed that the mechanical disruption of LC clusters and we further an_a_lyzed cells geqerated in 1% cultures for
replating of generated cells to short-term, serum-free 2° culturesSap ession of add!tlonal cytqadhesmn molecules. As can be se
a high cell density (5< 10* cells in flat-bottom, 96-well plates; see able 2’. subgtantlal proportions of generated CDL& express
“Materials and methods”), supplemented with identical cytokinetge B1 integrin molecules VLA-4 (CD49d/CD29) and VLA-

as described for 1° cultures (see above), resulted in secondary %P‘_lgefDaég)’ Afgftz |ntT|gr|n LFbA-lt(C;Dlla/CItD%jS), ﬁmd sialo
cluster formation. This permitted us to analyze LC clustering i orin ( )- iionally, a SuUbset of generated Cells expresses

more detail. As can be seen from Figure 6, single-cell suspensio cﬁCAM'l (CD31) (Table 2).

5
; - The short-term re-aggregation characteristics of generated3.C

LCs (Figure 6B) prepared by the enforced pipetting of clustered " . LN

cells from 1° cultures gave rise within 24 hours of additionaft & Ngh-cell density allowed us to study whether the addition‘pf

culture in identical growth medium (cytokines GM-CSF plu locking mAbs to candidate cytoadhesion molecules might inftu-
TNFa, SCF, FL, and TGRB1) to secondary cell cluster formation ence secondary LC cluster formation. For quantification of seco8id-

(Figure 6A). These cell clusters are smaller than those observed ¥ LC cluster formation in these 2° cultures, we applied tEe

1° LC generation cultures (compare Figure 6A with Figure 2, uppé?oz'ng dsystltlem f(tsee t_MaItetr_laIs_ a?r:i me;r:odslt). Ad;jmonally, ;%?
panel). We applied a scoring system €llowest, 4= highest, analyzed cells after stimulation in these 2° cultures for expressibn

; ight- g
degree of aggregation; see “Materials and methods”) to quant {, CDla (immature LC, CD2&"; mature LC, marked loss Of%

secondary cell cluster formation in these 2° cultures. Spontaneo la e>;pcr:e35|3nlgensny;75ee Flglu;\e :;)1 AS gg_rtl_be sien frorr;\l;%;re
LC re-aggregation, shown in Figure 6, panel A, scored 3 (75%-90§ panel & and Figure 7, panel A, the acdition of an m
cadherin in these 2° cultures led to the inhibition of cell cluster

of cells are present in aggregates; see “Materials and method
This rapid secondary LC clustering phenomenon was found to be
calcium and temperature dependent because it could be compleTele 2. Expression of cytoadhesion molecules by CDla ~ * LCs
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prevented by the addition of EDTA or by incubating cells at 4°C cione Target % Reactivity* Source
(score 0; data not ShOWﬂ). HECD-1 E-cadherin ++++ Zymed (San Francisco, CA)

. . . 5E6 CD1la +++ Our laboratory
Involvement of cytoadhesion molecules in LC cluster formation 2LPM19C  CD11b 4 DAKO A/S (Glostrup, Denmark)
in 2° cultures TS1/18 cD18 e+ ATCC (Rockville, MD)

L ) 4B4 CD29 +++ Coulter (Hialeah, FL)

Double staining revealed that most generated CDgalls in o, cDaod . Immunotech (Marseille, France)
primary cultures express the homophilic adhesion molecule Exy CD4%e " Immunotech
cadherin (Figure 1). We analyzed cells generated under the varigs,7s cD31 . CLB (Amsterdam, Netherlands)
culture conditions for E-cadherin expression. As can be seenseits CD43 e Our laboratory

Table 1, expression of E-cadherin slightly decreases on subcultur- _ O _
*Percentage of gated CDla' cells coexpressing the indicated adhesion mol-

ing of day 10 generated cells in 2° cultures supplemented Wites - indicates = 25%; ++, 25% to 50%; + + +, 50% to 75%; ++ + +, 75%
GM-CSF, GM-CSF plus TNé&, or GM-CSF plus CD40L. Con- to 100%.
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E-cadherin contained substantially higher percentages of immature

mec‘l:tj:t\rg:):‘t::)l 1] CcD86 ““"/CD1&"9nt.Cs compared with control cultures (64% vs
37% in the representative experiment shown in Figure 8) and
CD31/E-cad| ] - - .
showed only minimal cell clustering (score 1). These observations
oLy | M— were confirmed in 3 additional experiments using flow sorted
E-cadl ] CDla LCs (mean+ SE, 66%:* 5% vs 38%:= 2%, P = .008;
CD43 ! n = 4). In comparison, control cultures supplemented with a mAb
CD11a to LFA-1 (CD11a) contained reduced percentages of immature LC
CD29/CD49d/CD49 : ' (29% vs 37%, Figure 8) and, in turn, higher percentages of
0 1 é :'; 4 phenotypically mature CD¥8/CD869" DCs. As observed for
adhesion score anti—E-cadherin mAb, mAb to LFA-1 inhibited secondary cluster
formation of purified LCs (score 1). Parallel analyses for CDla
versus CD83 expression in 2 experiments revealed virtually
medium control 1 identical results (CD88"-/CD1&"e" LCs, 60% vs 32% and 53%

CD31
E-cad

vs 36%, respectively; CD88'-/CD1&"9n | Cs, 61% vs 32% and
53% vs 36%, respectively). We further analyzed the capacitygof
generated LC to induce allogeneic T-cell proliferation and fougd

CD43
CD11a

] |
20 40 60 80 100
CD1a-MFI
Figure 7. Secondary LC cluster formation and CDla expression by cells
cultured in 2° cultures in the presence of a panel of mAbs to adhesion
molecules. Purified CD34* cells were cultured in the presence of GM-CSF plus
TNFa, SCF, FL, and TGF-B1 in serum-free medium (see “Materials and methods”).
Day 8-generated cells were replated in 2° cultures at a high cell density (see
“Materials and methods”). After a 2° culture period of 24 hours, cells were harvested
and analyzed by phase-contrast microscopy and FACS. The effect of mAb addition
on cell cluster formation and CD1a expression density of cultured cells is analyzed
(see “Materials and methods”). (A) Bars represent cell cluster formation in one
representative experiment (n = 5) quantified using the following scoring system
(percentage of cells in aggregates): 0, less than 10%; 1, 10% to 50%; 2, 50% to 75%;
3, 75% to 90%; 4, more than 90%. (B) CD1a mean fluorescence intensity (MFI) of
cells after culture in the presence or absence of mAbs.
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10? 10! 102 10°
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formation (score 1), and this effect was associated with increased
CD1la expression by stimulated cells compared to control cultures
(Figure 7B). Monoclonal antibodies to CD1la or CD31 also
strongly inhibited secondary cell cluster formation (score 0 or 1,
respectively; Figure 7A), but this effect was associated with a
decrease of mean CD1a expression levels (Figure 7B) of cultured
cells in 2° cultures. Conversely, mAb ligation of CD43 led to the
enhancement of cell clustering (Figures 6D, 7A, score 4 versus 3),
and mean CDla expression by cultured cells decreased only
slightly (Figure 7B).

CD1a

Ligation of E-cadherin on immature LC inhibits acquisition
of mature DC phenotype

CDla" LC generated in 1° cultures make up approximately 60% of
all cultured cells. To eliminate a possible influence of contaminat- ik T
ing CD1a cells on cell clustering and maturation induction of LC, o E-CADHERIN
. . . o
we performed cell sorting experiments of generated immature 27 IR e
CD1a" LC from 1° cultures (see “Materials and methods”). In 10 10
these experiments (Figure 8), we purified CD14C from day 10 C D86
to 12 cultures by flow sorting and replated them in secondary
cultures in the presence of mAbs as described above. As canFlgere 8. Effects of _mAb addition on maturation of purified CD1a *LCs. CD34*
B s H JI c H cells were culturea In the presence O: - plus QL y , an - n
seen from Flgure 8, most pUI’Ierd immature CD acquire, selrlum-free rr|1tedil,(|jm (t:ee “Materialsf :r:\:]:i (r:nse;holds"-)rNngz*CFceFlll; frotrj'nTiZsill“
after further stimulation in control cultures, high expression levelgiwures generated after 10 to 12 days were purified by flow sorting and replated in 2°
of CD86 and decreased CD1la expression densities indicativecdtures at a high cell density and in the presence or absence of mAbs to adhesion
DC maturation. This maturation pattern of LC is associated Wifﬁolecules as indicated (see Materials and methods_). legrams show CD86 versus
Il cluster f ti lust 3: dat t sh ﬁgla molecule expression of cells from representative 2° cultures (after 24 hours of
Secondary cell cluster Tormation (C uster score 5; data not snow ture) supplemented with mAbs, as indicated. Markers were set according to

Parallel cultures supplemented with mAb HECD-1 specific fagotype-matched negative control staining (n = 4).

10 10 104

20z aunr L uo 3senb Aq Jpd'9.Zy000¥28U/FEI0L91/9.2Y/E L/96/4Pd-Bl01LE/POOIqABU SUOREDIgNdysE/:dRY WOl pape
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125000 demonstrate here that E-cadherin expression by cultured cells is
dependent on TGB4 stimulation. Thus, a failure of induction or
maintenance of high expression levels of E-cadherin in the absence
of exogenous TGR1 in the above-mentioned previous studies
may be responsible for the observed rapid acquisition of mature DC
75000 features by cultured cells. In support of this assumption, recent
studies demonstrated that T@R-induces E-cadherin expression
by in vitro—generated muridé and human D& along with
immature LC features. Furthermore, T@E-stimulates the genera-
tion of immature LC-type DCs, whereas it suppresses the genera-
25000 tion of mature DCs in TNE&-containing cultures of murine
progenitor cell&"-2°or human monocyte¥.

According to our differentiation model, the following mecha-
nism may allow maintenance of immature LCs in vivo. TGE-
stimulation may lead to sustained expression of high levels of

no. of stimulator cells/well E-cadherin on the surfaces of epidermal LCs over long periodsof
Figure 9. Immunostimulatory capacity of generated LCs. cbia* LCs were time. This will allow LCs to undergo continuous homophilig
gengrated in primary cultures and further stimulated in cytoki.ne—st_lpplemer!ted E-cadherin adhesion with surrounding keratinocytes. E-cadhérin
giczxng:niféc‘ixefy vl (gﬁgg g)c " 2221r§|L}nEt)a ?glt;g:n\t}lep,’msg'“a"; adhesion in turn may suppress LC maturation and thereby maingin
described in “Materials and methods” (and as also shown in Figure 8). Graded ~iMmmature LC features in vivo. Such a scenario seems to De
numbegs of (?fgllzoblfained fror_rll theﬁe culture‘i/laftter.zl4 hou(;s wetr: uds?d tgstimt:)late supported by in vivo studies. First, LCs are well describedgo
e e e A M) e o2 rapily acquire mature DC features after purifcation from thér
experiments. epidermal micro-environment. Second, keratinocytes constitug
tively express DC maturation-inducing cytokines including B\NF &
which, in the absence of an epidermal-associated counteraciing
that anti—E-cadherin mAb-pretreated cells appear to be less potgfichanism, may cause the maturation of LCs in ¥A@.Third,
inducers of allogeneic T-cell proliferation at low stimulator cellyymature epidermal LCs abundantly synthesize T&F3 and
numbers than cells from control cultures supplemented with-pt;,:_Bl autoproduction is essential for the presence of immatéfe
nonbinding control mAb or cells from cultures without antibody s in the epidermis in vivé435In line with this, TGFB1 seems to &
supplementation (Figure 9). promote rather than inhibit physiological functions of fresh§
isolated immature LC# In further support of a suppressive eﬁe(iﬁ:
) . of E-cadherin adhesion on the maturation of LCs, decreased
Discussion E-cadherin expression in response to the topical applicationsof
allergens is correlated with the local maturation of LCs in tige
idermis? whereas unspecific inflammatory conditions do n§t

100000+

50000

3HTdR uptake (c.p.m.)

0 T
1000 10000 100000

/P00]q/}9

Our data suggest an active involvement of E-cadherin in t

regulation of LC maturation. We demonstrate here that immatur[' cessarily induce the same effect. Thus E-cadherin-medidted

LCs gengrated in cultures of _CDB4ceIIs un_dergc_) profound active maturation suppression of LCs, as suggested by our studgre-
E-cadherin-dependent homotypic cell clustering similar to Whes‘hlts may prevent the uncontrolled maturation of LCs by proinflag-
has been described recently for in vitro—generated muring M@ mayp yp ©

also observed that mechanical disruption of these E-cadhermfto.ry cytoklnes in VIvo anq thus may enable LCS. o respondzfo
sgecn‘lc signals, such as particular pathogens or antigens.

dependent LC clusters rapidly induces the acquisition of matur . ! . .5
P picly d In support of a direct functional involvement of E-cadherin i

DC features (CD8&9", CD83") by immature LCs. Furthermore, ) : X S
ures )by . " erlegulatmg the maturation of epidermal LCs, E-cadherin is capa@le

mADb ligation of E-cadherin on the surface of immature LCs aft finduci . ¢ cellul including th atio
mechanical cluster disaggregation inhibits the maturation of L&! inducing a;varlety o cellufar re;ponses, Inciu |n_gt € regu atlgn
This effect was found to be specific for E-cadherin engageme‘?{tep'the“ap and hematopoiet#€3°precursor cell differentiation. 2

because mAbs to other adhesion molecule systems that were fol:lﬁ:c? expres_s the intrgcgllula_\r E-cadherin—binding signgling mofe-
to be similarly involved in LC clustering (CD31, LFA-1) failed to CUl€ armadill@-catenin’® which is capable of translocating to the
inhibit DC maturation when added to parallel cultures. Thi@ucleus where it is involved, together with other transcription

suggests that anti—E-cadherin mAb induces functional activationfgftors of the lymphocyte enhancer-binding factor 1/T-cell factor
E-cadherin, resulting in the inhibition of DC maturation in thigamily, in the expression of specific gerfés? Cadherins such as
differentiation model. This effect of anti—E-cadherin mAb mimic&-cadherin seem to represent negative regulators of catenin signal-
E-cadherin—dependent homotypic LC clustering because we #g-*>** An important suppressive role of E-cadherin in cell
served that LCs stay immature if cell clusters remain undisturbedgnaling is also suggested by the observation that E-cadherin
Thus anti—E-cadherin mAb binding to E-cadherin seems to functiofxpression is down-regulated in many carcinomas, an effect
ally mimic E-cadherin binding by its homophilic ligand. correlating with tumor cell metastasis. In turn, tumor metastasis is
Our observations that anti-E-cadherin mAb inhibits the maturguppressed by the overexpression of E-cadHérihinterestingly,
tion of LC despite the continuos presence of TN culture the down-regulation of E-cadherin cell surface expression in LC
suggests an active suppressive effect of E-cadherin on the matipigtiocytosis, a tumor originating from epidermal Langerhans cells
tion of LC. Using similar culture conditions, several previousn vivo, similarly correlates with the occurrence of distant metasta-
studies have demonstrated that TiNEfficiently promotes the sis#’ How E-cadherin activation on the surface of immature LCs
acquisition of mature DC features (CD88"Y, CD83") by imma  may inhibit the transactivation of genes involved in DC maturation
ture DCs generated in cultures of CD3grogenitor celld??>We  and migration remains to be analyzed.

6 A
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We demonstrate that mAb binding to E-cadherin on the surfac@&gure 3A, top), and resemble migrating LCs; and LCs stimulated
of immature LCs inhibits the acquisition of mature DC characteri®y CD40L (Figure 3A, second panel) that correspond to DC and are
tics. This is in line with the concept that lateral clustering o&ctivated by antigen-specific T-helper cells by CD40 engagement
cadherin molecules is critical for cadherin-mediated functiona secondary lymphoid organs in vivé>6 These experiments also
responses, such as tight cell adhesfofi.E-cadherin binding by demonstrate that the maturation of LCs does not require serum/
mAb may induce cross-linkage of E-cadherin dimers on thglasma supplementation of the culture medium, thus confirming
surfaces of LCs, which may mimic E-cadherin clustering imecent observations in the murine syst€m.
response to the homophilic ligation of E-cadherin. Recent observa- As mentioned, our data suggest that E-cadherin-mediated
tions with cell lines support this concept. First, E-cadherin adhsuppression of LC maturation may prevent the uncontrolled
sion leads to a rapid increase in tyrosine phosphorylation at sitesweéturation of LCs induced by pro-inflammatory mediators. This
cell contact formation, and this effect can be mimicked bgeems to be in conflict with murine studies, which demonstrated
anti—E-cadherin mAB? Second, anti—N-cadherin mAb-coated beadthat the same pro-inflammatory mediators that induce LC matura-
functionally mimic beads coated with the extracellular domain dfon simultaneously down-regulate E-cadherin expression and
N-cadherin in inducing tyrosine phosphorylation, accumulating-cadherin-mediated adhesion and, thus, seem to reduce the
junction-associatefl-catenin molecules, and inducing G1 arrest oproposed maturation inhibition by E-cadhetfrAlthough several
N-cadherin overexpressing Chinese hamster ovary 8éit©n the parameters vary between this study and ours, it remains toghe
other hand, E-cadherin redistribution on the cell surface is welhalyzed whether exogenous TGE-counteracts E-cadherin downé
described as regulated by inside-out signals—ie, by protein bindiregulation on murine LC induced by pro-inflammatory cytoklnesm
to its juxtamembrane cytoplasmic £&ibr by binding of armadill@- Although most cells generated in primary TGHR—
catenin to the cytoplasmic cadherin t&ilThus, E-cadherin activa supplemented cultures show LC features (CD1&-cadherir,
tion or deactivation in response to E-cadherin redistribution on LiGag*), these cultures also contain approximately 40% of cells ti§
surfaces is regulated by intracellular signaling pathways. lack expression of CD1a. Interestingly, most of these CDdells

Our data suggest that the loss of E-cadherin adhesion rapidlyare phenotypic features with myelomonocytic precursor célls
induces the maturation of LC. Despite rapid secondary E-cadherig€D33", cytoplasmic CD68, CD34"), with fractions of them also §
mediated cluster formation after the disruption of primary L@xpressing CD14, lysozyme, or myeloperoxidésé/e observed g
clusters, most LCs have already undergone maturation (within ##at purified fractions of these CDlecells can be induced in?é
hours). This indicates that DC maturation in response to loss r&sponse to stimulation with TGE1 plus GM-CSF, SCF, FL, and%r
E-cadherin adhesion may represent a rapid and irreversible procé®¢Fa (ie, the initial cytokine combination) to differentiate |ntd%
These observations may mimic the in vivo situation. In vivo, th€D1a" cells (data not shown). Future studies should analge
down-regulation of E-cadherin expression by LCs seems to prferther the molecular and functional characteristics of these cellg.
cede the emigration of LCs from the epiderrhis. In conclusion, active maturation suppression of LCs by TR~

We performed a side-by-side comparison of the effects afduced E-cadherin adhesion, as suggested by our study, @ay
soluble CD40L and TNé& on the acquisition of mature DC featuresrepresent an important epithelium-specific mechanism by whg:h
by dispersed immature LCs. We observed that both stimuli rapidlyCs retain their immature features over long time periods and re§ist
induce the acquisition of CD83 expression and the up-regulationwfcontrolled activation by pro-inflammatory cytokines.
CD86 expression by LCs. However, LCs stimulated in the presence
of CD40L showed consistently higher CD86 and CD83 expression
densities than those stimulated in the presence ofdNf line  Acknowledgments
with this they showed more mature morphologic characteristics.

Therefore, our defined serum-free culture model seems to recapiie thank A. Renner for his invaluable contribution in ceﬁ
late 3 consecutive maturation stages of LCs in vivo: immature LGgparation and flow sorting, M. Merad and R. Smith fer
undergoing E-cadherin adhesion (primary culture, Figure 3éritically reading the manuscript, and all the collaborati o
bottom) and resembling immature/nonactivated LCs in epidermistrses and doctors of the gynecology departments at Sozialm@iiz-
intermediate-stage LCs that have lost E-cadherin adhesion, arsches Zentrum Ost and Kaiser Franz Josef Spital for provgd
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released from a possible active suppressive effect of E-cadherig cord blood samples. g
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