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Background: Recent findings have shown that the surface
expression of the high-affinity receptor for IgE (FcεRI) on
human CD1a+ Langerhans cells (LC) and related dendritic
cells (DC) in the skin, despite a constant intracellular expres-
sion of its α chain (FcεRIα), is highly up-regulated in atopic
dermatitis. Moreover, this surface expression correlates with
the IgE serum level, strongly suggesting yet-to-be-defined com-
mon signals in the regulation of FcεRI display on LC/DC and
IgE synthesis.
Objectives: In this study we examined the influence of differ-
ent cytokines on the expression of FcεRI on in vitro–generated
CD1a+ LC/DC.
Methods: CD34+ precursor cells were isolated from cord blood
with use of high-gradient magnetic cell sorting, cultured with
GM-CSF, TNF-α, IL-4, or IFN-γ, and surface and cytoplasmic
staining for flow cytometry were performed.
Results: IL-4 strongly enhanced the generation of CD1a+

LC/DC and also up-regulated the expression of the skin-hom-
ing structures E-cadherin and cutaneous lymphocyte antigen.
In contrast, IFN-γ was found to suppress the E-cadherin
expression and to be a strong antagonist of IL-4 by inhibiting
the production of CD1a+ cells. Most important, IL-4 induced
the cytoplasmic expression of FcεRIα in CD1a+ LC/DC but
not its surface expression. This up-regulation was antagonized
by IFN-γ.
Conclusion: IL-4 is not only a key cytokine in the regulation of
IgE but also induces the expression of its receptor binding
chain as well as up-regulation of skin homing molecules on
LC/DC. Expression of these structures during generation of
LC/DC reflects the in vivo situation encountered in LC. (J
Allergy Clin Immunol 2000;105:150-6.)
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Recently, much progress has been made in under-
standing the ontogenesis of professional antigen-present-
ing dendritic cells (DCs).1 Several in vitro models were
developed that contributed largely to dissect the genera-
tion of these highly specialized leukocytes.2-6 Thus in
vitro production of DCs can lead to cells displaying some
of the characteristics typical of CD1a+ epidermal Langer-
hans cells (LCs) (eg, expression of Birbeck granules or
the skin-homing molecules cutaneous lymphocyte anti-
gen (CLA) and E-cadherin7-10 and other related DCs.
This has provided a new source for the generation of suf-
ficient cell amounts to overcome the problems inherent
to the handling of very limited numbers of freshly isolat-
ed LC/DCs obtained from human skin. Furthermore,
these culture systems now allow for the exploration of
biologic phenomena that may take place before LC/DCs
have entered the skin. Similarly, they also enable simula-
tion of pathologic conditions to which LC/DCs are sub-
jected. This is of particular interest in the context of
atopic diseases (ie, atopic dermatitis [AD]), where LCs
and related DCs are suspected to play a crucial role
because they express the high-affinity receptor for IgE
(FcεRI)11-14 and may use this structure for antigen focus-
ing.15,16 Interestingly, in contrast to basophils and mast
cells, FcεRI surface expression on LCs is highly variable,
the strongest expression being specifically displayed in
AD,17,18 whereas an intracellular pool of its α chain can
be found constantly.19 Furthermore, FcεRI on CD1a+

LCs and related DCs in inflammatory skin strongly cor-
relates to the serum IgE level of each individual, sug-
gesting common regulatory pathways between the IgE
synthesis and receptor display on the LC surface.20 In the
current report we generated CD1a+ LC/DCs from CD34+

stem cells isolated from cord blood and explored the reg-
ulatory mechanisms underlying the expression of skin
homing receptors and FcεRI expression.

MATERIAL AND METHODS

Reagents

Phycoerythrin (PE)-labeled T6/RD1 (IgG1, Coultertronics,
Krefeld, Germany) and unlabeled IOT6 mAbs (IgG1, Immunotech,
Marseilles, France) were directed against CD1a, which is, in the
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epidermis, present only on LCs.21 Murine mAb 22E7 (IgG1) was
raised from mice immunized with a purified chimeric α-subunit of
FcεRI (FcεRIα) expressed in Chinese hamster ovarian cells22 and
murine mAb 4D8 (IgG2b) against the cytoplasmic domain of the γ-
subunit (FcεRIγ)23 (kind gifts from Dr J. Kochan, Department of
Autoimmune Diseases, Hoffman-LaRoche, Nutley, NJ); mAb Lag
reacts specifically with Birbeck granules in human LCs (IgG1, gen-
erous gift of Dr S. Imamura, Department of Dermatology, Kyoto
University, Japan). Unlabeled mAb CD14 (IgG2a) was obtained
from Immunotech and monoclonal mouse anti-E-cadherin antibody
(IgG1) from Zymed Laboratories (San Francisco, Calif), and mAb
HECA-452 against human CLA antigen (rat IgM)24 was a generous
gift of Dr L. Picker (Department of Pathology, University of Texas,
Southwestern Medical Center). FITC-labeled and FITC-unlabeled
F(ab)2 fragments of goat antimouse antibody were purchased from
Jackson ImmunoResearch Laboratories (West Grove, Pa) and
FITC-conjugated mouse antirat IgM antibody from Pharmingen
(San Diego, Calif). Unlabeled IgG1, PE-labeled IgG1 and PE-con-
jugated CD14 were from Becton Dickinson (Mountain View, Calif)
and unlabeled IgM (rat) was from Immunotech. Normal mouse
serum for blocking purposes and 7-amino-actinomycin-D were pur-
chased from Sigma (St Louis, Mo). Sheep antimouse–coated mag-
netic beads (M-280) were from Dynal (Oslo, Norway). Digitonin
(D-1407) and saponin (S-7900) were from Sigma. Oligonucleotides
were synthesized by MWG-Biotech (Munich, Germany). All
cytokines were from Genzyme (Boston, Mass). Human myeloma
IgE was obtained from Calbiochem (Bad Soden, Germany).

Purification of CD34+ stem cells

Cord blood was obtained from vaginal or cesarean deliveries
(Departments of Gynaecology, Universities of Munich and Bonn). The
samples contained 300 to 500 × 106 PBMCs in 30 to 80 mL of blood.
After the blood was diluted 3 times with RPMI 1640 (Seromed,
Berlin, Germany), 25 mL of suspended cells was overlayered on 15
mL of Lymphoprep (1.077 g/mL, Nycomed, Oslo, Norway). PBMCs
were isolated as interface cells after density gradient centrifugation (20
minutes at 900g at room temperature). To reduce residual platelets, the
recovered cells were washed twice in PBS and recovered in PBS sup-
plemented with 1% BSA and 5 mmol EDTA. Isolation of CD34+ cells
was performed with use of anti-CD34 mAb (QBEND/10) conjugated
to magnetic microbeads and the MACS system (Miltenyi Biotec, Ber-
gisch Gladbach, Germany) according to the manufacturer’s protocol.
The enrichment of CD34+ cells was determined in each experiment by
staining with the non-cross-reacting PE-conjugated anti-CD34 mAb
HPAC-2 (Becton Dickinson). Typically, 2 × 105 cells with more than
90% CD34+ cells were obtained from a 40-mL blood sample. The elu-
ate was analyzed by flow cytometry with use of PE-conjugated anti-
CD14 and FcεRIα antibody (see reagents).

Culture conditions

Purified CD34+ cells were cultured (1 × 105 cells/mL) in 24-well
plates (Costar, Cambridge, Mass) with 1 mL of Iscove’s modified
Dulbecco’s medium (Seromed) supplemented with 10% FCS (Life
Technologies, Eggenstein, Germany), 1% antibiotics/antimycotics
(Life Technologies), and 1% L-glutamine (Life Technologies). For
the generation of CD1a+ cells, GM-CSF (300 IU/mL) and TNF-α
(50 IU/mL) were added as described.2,25 Cultures were maintained
by replacing one half the culture medium with fresh cytokine-sup-
plemented medium every 4 days for a maximum of 3 weeks. In
some experiments IL-4 (5, 50, or 500 IU/mL) or IFN-γ (5, 50, or
500 IU/mL) were added at the beginning of the culture time. In
some experiments human myeloma IgE was added to the culture
medium at a concentration of 2 µg/mL.

Immunoelectron microscopy

Cell suspensions were cooled at 4°C and incubated for 45 min-
utes with anti-CD1a MoAB IOT6a gold-labeled with 5-nm parti-
cles. The samples were washed in Iscove’s medium and further
processed as described in detail elsewhere.26

Flow cytometric analysis of surface and

intracellular expression of FcεRI subunits

A total of 1 × 105 in vitro generated cells were subjected to dou-
ble-staining experiments for surface or intracellular staining with
saponin or digitonin as described in detail elsewhere.19,20 As con-
trols, freshly isolated epidermal cells (ECs) were used as negative
controls (LC-depleted keratinocytes) and positive controls (LC).
For quantitative evaluation, dead cells were excluded by 7-amino-
actinomycin D staining and the CD1a+ populations were gated out
manually and the results expressed in percent of positive cells and
mean fluorescence index (MFI). Relative fluorescence index values
(rFI) of the different structures were determined according to the
following formula:

rFI = (MFI[receptor] – MFI[control])/MFI(control).

For statistical evaluation of significance, the Mann-Whitney U
test was performed. Results are given in mean percent of positive
cells ± SEM.

Amplification of messenger RNA transcripts

Highly purified in vitro generated LC/DCs (>98%; the remain-
ing CD1a– cells contained no basophils, no mast cells as verified by
tryptase PCR, not shown) were obtained by positive selection with
use of anti-CD1a antibody (IOT6a) bound to sheep antimouse-coat-
ed 280-nm magnetic beads, as described.11 Total RNA extraction
was extracted from cultured cells by an improved guanidinium
isothiocyanate single-step procedure with Trizol (Life Technolo-
gies) according to the manufacturer’s instructions. Reverse tran-
scription and amplification were performed as described in detail
elsewhere.11 Specific primer sequences for each gene were as fol-
lows: for reduced glyceraldehyde phosphate dehydrogenase
(GAPDH), sense 5´-CCA CCC ATG GCA AAT TCC ATG GCA-3´,
antisense 5´-TCT AGA CGG CAG GTC AGG TCC ACC-3´, yield-
ing a fragment of 598 bp; FcεRIα, sense 5´-CTG TTC TTC GCT
CCA GAT GGC GT-3´, antisense 5´-TAC AGT AAT GTT GAG
GGG CTC AG-3´ (fragment size 536 bp); FcεRIβ, sense 5´-GGA
CAC AGA AAG TAA TAG GAG AG-3´, antisense 5´-GAT CAG
GAT GGT AAT TCC CGT T-3´ (fragment size 446 bp); FcεRIγ,
sense 5´-CCA GCA GTG GTC TTG CTC TTA C-3´, antisense 5´-
GCA TGC AGG CAT ATG TGA TGC C-3´ (fragment size 338 bp);
tryptase, sense 5´-CTC CCT CAT CCA CCC CCA GT-3´, antisense
5´-GGA TCC AGT CCA AGT AGT AG-3´ (fragment size 616 bp).

Abbreviations used
AD: Atopic dermatitis

CLA: Cutaneous lymphocyte antigen
DC: Dendritic cells
EC: Epidermal cells

FcεRI: High-affinity IgE receptor
FcεRIα: α-Chain of the high-affinity IgE receptor
FcεRIβ: β-Chain of the high-affinity IgE receptor
FcεRIγ: γ-Chain of the high-affinity IgE receptor

GAPDH: Reduced glyceraldehyde phosphate dehydrogenase
LC: Langerhans cells
PE: Phycoerythrin
rFI: Relative fluorescence index
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Amplification was performed on a Perkin-Elmer Cetus GeneAmp
PCR System 9600 thermocycler (Applied Biosystems, Weiterstadt,
Germany). The PCR cycle numbers for amplification of the respec-
tive complementary DNAs were 32 for GAPDH and 40 for FcεRIα,
FcεRIβ, and FcεRIγ. Specific PCR fragments were separated on
0.8% agarose gels and visualized with use of ethidium bromide
staining. RNA from peripheral blood leukocytes and LC-depleted
keratinocytes were used as positive and negative controls, respec-
tively.19

RESULTS

Spontaneous surface expression of FcεRI on

in vitro generated CD1a+ cells

In a first approach, we asked whether in vitro generat-
ed CD34-derived CD1a+ LC/DCs spontaneously express
FcεRI. Therefore cord blood samples were examined at
day 12 after CD34+ cells were cultured in the presence of
GM-CSF and TNF-α. Under these conditions, 15% to
65% of total cells were CD1a+, the rFI varying from 5 to
56. These cells exhibited dendritic morphologic charac-
teristics and the cell yields achieved about 5- to 15-fold
of the initial cell number. Immunoelectronmicroscopic
investigations demonstrated that a low but significant
proportion (5%-10%) of the CD1a+ DCs contained Bir-
beck granules. This was confirmed by permeabilization
experiments with an mAb specific for antigen associated
with Birbeck granules (data not shown). Further pheno-
typic characterization revealed that these CD1a+ LC/DCs
expressed low amounts of E-cadherin (10% ± 4% posi-
tive cells, rFI 1.9 ± 0.7) and a variable but consistent
CLA expression (30% ± 12% positive cells, rFI 11.7 ±
5.2). Surface FcεRI expression was detected on CD1a+

cells in only 12 of 66 samples (Fig 1) with a range of 8%
to 50%, and rFI were 1.05 to 3.60. Similar to experiments
with LC19 and in contrast to what has been reported in
mast cells,27,28 the addition of human myeloma IgE in
the culture conditions did not have any influence on the
receptor expression (data not shown). In contrast to our
observation with surface expression of FcεRI on epider-
mal LC/DCs from lesional skin, the presence of FcεRI on
in vitro–generated CD1a+ LC/DCs did not correlate with
the IgE serum level of the cord blood samples (data not

shown). Because no information about the atopic status
of the donors was available, attempts to establish other
correlations were unsuccessful. Significant intracellular
staining for FcεRIα (ie, >15%) was observed only in
those conditions where surface staining was already pre-
sent. In further experiments (n = 6) we were unable to
detect any surface expression of FcεRI on monocytes
isolated from the same cord blood samples (data not
shown).

IL-4 induces messenger RNA and protein

synthesis of FcεRIα in in vitro–generated

CD1a+ cells

IL-4 is known as a key cytokine in the biologic func-
tions of IgE and induces the low-affinity receptor for IgE
FcεRIIb/CD23 on several hematopoietic cells.29 There-
fore we questioned whether this cytokine may exert a
similar effect on FcεRI. For this purpose, IL-4 was added
to the combination of GM-CSF and TNF-α to CD34+

cells (n = 4). After 12 days of culture, PCR analysis was
performed on highly purified CD1a+ cells with use of
primers specific for all 3 subunits of FcεRI. The presence
of mast cells was excluded with use of tryptase-specific
primers (data not shown). Low but constitutive expres-
sion of transcripts for FcεRIγ was detected in either con-
dition. Transcripts for FcεRIα were found in all condi-
tions with exogenous IL-4 but were only hardly
detectable in 1 of 4 samples with GM-CSF and TNF-α
alone (Fig 2, A). However, transcripts for FcεRIβ were
never detected under these conditions, which makes a
contamination with basophils very unlikely. Because it
has been reported that, on one hand, IL-4 induces tran-
scripts for FcεRIα but not its translation30 in eosinophils
and, on the other hand, it provokes the surface expression
of FcεRI on cord blood–derived mast cells,31 in vitro
generated CD1a+ LC/DCs were subjected to surface and
intracellular staining for FcεRIα and FcεRIγ. Surface
expression of FcεRI was found in 3 of 10 samples under
GM-CSF and TNF-α but was never detectable when IL-
4 was added. In contrast, significant intracellular FcεRIα
expression (>15%, rFI >1.3) was found only in culture

FIG 1. Spontaneous surface expression of FcεRI on in vitro–generated CD34+-derived CD1a+ LC/DCs. After 12
days of culture, CD1a+ cells were analyzed by double labeling and flow cytometry as described in Material and
methods. Positive expression was found in a limited number of samples (right), whereas the majority of sam-
ples failed to display spontaneous surface expression of FcεRI (left). Expression is shown in one representative
histogram, respectively. Filled curve shows the isotype control whereas the other one represents FcεRI.
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conditions with IL-4 (Fig 2, B) (6/10 experiments). In the
remaining 4 experiments, expression of the α chain was
not changed under IL-4. Expression of FcεRIγ was con-
sistently detectable under all culture conditions (data not
shown) (42.7% ± 5.8% positive cells with rFI of 4.9 ± 1.3
under GM-CSF + TNF-α and 35.4% ± 4.9 % positive cells
and rFI of 3.9 ± 0.6 under GM-CSF + TNF-α + IL-4).

IFN-γ inhibits the generation of CD1a+ cells

It is well accepted that IFN-γ is one of the most potent
antagonists of IL-4, especially with regard to IgE biolog-

ic functions. Thus, in a series of experiments, we first
evaluated the effect of IFN-γ on the in vitro generation of
CD34-derived CD1a+ cells in our culture system (n = 3).
We found that IL-4 increased the number of CD1a+ cells
in a dose-dependent manner. At the same time IFN-γ not
only inhibited their generation with GM-CSF and TNF-
α (Fig 3) but appeared to be a strong antagonist of IL-4.
Comparing the absolute CD1a+ cell yields and consider-
ing the proliferation of the cells, down-regulation of
CD1a+ cells by 500 U/mL IFN-γ was 12-fold, whereas
500 U/mL IL-4–induced up-regulation was about 7- to

FIG 2. IL-4 induces transcripts and intracellular protein expression of FcεRIα in in vitro–generated CD34+-derived
CD1a+ LC/DCs. CD1a+ LC/DCs were generated with GM-CSF and TNF-α and in absence (lanes 2-5) or presence of
IL-4 (lanes 6-9). After 12 days of culture, the presence of transcripts for FcεRIα (A) and the expression of the pro-
tein on the cell surface or in the cytoplasm (B) were monitored by PCR and flow cytometry, respectively. Lanes
1 and 10, Positive and negative controls, respectively. B, Red curve represents staining of control antibody
whereas yellow curve shows FcεRIα.

A

B
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14-fold, respectively. In this respect, it should be consid-
ered that IFN-γ affects the viability of cells as controlled
by flow cytometry with 7-amino-actinomycin D staining.
Furthermore, while decreasing CD14 expression, 500
U/ml IL-4 up-regulated the expression of the skin-hom-
ing molecules E-cadherin (P < .01, n = 6) and CLA (not
significant) (Fig 4). In contrast, further experiments with
the addition of 500 U/mL IFN-γ resulted in a low expres-
sion of E-cadherin while CLA was also up-regulated,
although not significantly (see also Fig 4). Finally, addi-
tion of 500 U/mL IFN-γ suppressed the IL-4–induced
transcripts for FcεRIα as well as the cytoplasmic expres-
sion of this receptor subunit (not shown).

DISCUSSION

Recently, much progress has been made in the in vitro
generation of CD1a+ DCs from blood progenitors.2-6 In
such an in vitro model DCs can be generated that display
some of the characteristics of CD1a+ epidermal LCs.
Thereby a sufficient amount of cells may be gained to
simulate pathologic conditions of the skin such as AD,
where LCs and related DCs are suspected to play a cru-
cial role because they express the high-affinity receptor
for IgE (FcεRI)11-14 and may use this structure for anti-
gen focusing.15,16 The expression of FcεRI is highly vari-
able on LCs from normal skin, whereas the displayed
expression is the strongest in lesional skin of AD.17,18

In contrast, an intracellular pool of the α chain of the
high-affinity receptor for IgE is constantly found.19 In
this study we also found a varying spontaneous surface

expression of FcεRI on in vitro–generated CD34-derived
DC. Because it cannot be excluded (there was no infor-
mation available about the atopic status of the donors and
the further status of the children) that the ability to
express FcεRI on these cells is linked to the propensity of
newborn infants for the development of atopic diseases,
further investigations are currently in progress to explore
this possibility.

Furthermore, IL-4 has a crucial role in the induction of
the low-affinity receptor for IgE on different hematopoi-
etic cells.29 Here, we found that this cytokine also
induces intracellular expression of FcεRIα in most cases.
But there was a certain heterogeneity with a constant
expression of FcεRIα in some experiments. This hetero-
geneity may be either the result of alterations of the IL-4
receptor, as it has been suggested recently,32 or to other
yet-to-be-defined mechanisms involved in FcεRIα gene
regulation.

In contrast to cord blood–derived mast cells, IL-4 is
not sufficient to induce surface expression of the FcεRI
complex on CD34+-derived CD1a+ LC/DCs. Indeed, as
determined by flow cytometric analysis, FcεRIγ was
weakly but significantly expressed in all conditions. The
lack of surface expression may be because mechanisms
regulating the assembly of both receptor subunits (eg,
posttranslational modifications of these molecules or yet-
to-be-defined structures) that initiate the coupling of the
subunits may not be operative in these cells. Further-
more, FcεRIγ is known to be part of other Fc receptors as
FcγRIII (CD16). It could be assumed that FcεRIγ is pref-
erentially associated with these receptors and conse-

FIG 3. Antagonistic effects of IL-4 and IFN-γ on in vitro generation of CD34+-derived CD1a+ LC/DCs. CD1a+

LC/DCs were generated as described above and in absence or presence of increasing concentrations of IL-4
or IFN-γ. The percentage of CD1a+ cells among total cell population was then monitored by flow cytometry.
This figure illustrates one representative set of 3 experiments.
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quently lacking the assembly of FcεRI. Finally, besides a
competitive use for other receptors, FcεRIγ expression
may be that low in these CD1a+ DC/LCs that it acts as
the limiting factor for the surface expression of FcεRIα,
as we already found in freshly isolated epidermal LCs.19

In these cells the lack of surface expression of FcεRIα is
linked to the absence or very low expression of FcεRIγ.

Furthermore, IL-4 up-regulated the expression of the
skin-homing molecules E-cadherin and CLA, whereas
IFN-γ led to low expression of E-cadherin but also to an
increase of CLA. CLA, a molecule involved in migration
of skin-homing T cells across the endothelium,33 has
been reported to be expressed in vivo on freshly isolated
LCs and to be down-regulated on maturation of LCs,
whereas it is not expressed on dermal DCs.34 E-cadherin,
known to be essential for adhesion between LCs and ker-
atinocytes,7 is also more abundant on LCs compared with
mature lymph node DCs.35 Taken together, generation of
DCs with additional IL-4 leads to DCs expressing the
above skin-homing structures typical of immature DCs,
like LCs, and potentially enabling them to transmigrate
vessel walls and adhere to keratinocytes. Thus these cells
may be of potential use in skin organ culture models.

Not only IL-4 but also IFN-γ significantly alters not
only the generation of CD1a+ cells but also affects the
profile of adhesion molecules, which have been proposed
to play an important role in the immunobiologic features
of DCs.26,34,36,37 Recently, it has been reported that the

culture system used here leads to the generation of 2 dis-
tinct populations of CD1a+ DCs (ie, authentic LCs and
other DCs).25 Therefore we suspect that IL-4 and IFN-γ
modulate the emergence of each respective population
(eg, IL-4 may promote the differentiation of CD1a+ DCs,
probably from monocytic cells in this system).

Because it has been reported that IL-4 and IFN-γ share
a common responsive element in the promotor region of
some genes, including FcεRIIb/CD23,38 our results (eg,
the suppression of FcεRIα by IFN-γ) suggest that this
could also be the case for the gene encoding for FcεRIα.
Interestingly, IFN-γ has been shown to be effective in the
treatment of AD, although not influencing the IgE serum
level of the patients.39 Therefore, it may be speculated
that this cytokine exerts some of its therapeutic effects in
down-regulating the generation of FcεRI expressing LCs
or other DCs.

Taken together, our results provide evidence that IL-4
and IFN-γ play a crucial role (1) in the generation of
CD34+ cells derived from DCs, (2) in the regulation of
skin-homing structures, and (3) in FcεRIα in these cells.
Thus IL-4 is not only crucial for the regulation of IgE
synthesis but it may also play a key role in the induction
of its receptor-binding site. However, because, in contrast
to bone marrow–derived mast cells, IL-4 is not sufficient
for efficient surface display of the receptor complex,
studies aiming to unravel the regulation of FcεRIγ
expression and other mechanisms directing the assembly

FIG 4. E-cadherin and CLA expression on CD34+-derived CD1a+ LC/DCs. After 12 to 14 days of culture cells
were collected, double stained for E-cadherin/CLA and CD1a, and analyzed by flow cytometry. Note the dra-
matic up-regulation of E-cadherin on addition of 500 U/mL IL-4 to the culture conditions, whereas 500 U/mL
IFN-γ did not significantly alter E-cadherin expression. Bars, Mean of percent of positive cells ± SEM from 6
experiments. Table below figure shows percent of positive cells and rFI ± SEM value.
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of the receptor subunits are now in progress and should
contribute to a better understanding of the regulation of
FcεRI expression in LCs and DCs.
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