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Expression of the RelB transcription factor correlates with the activation of
human dendritic cells

G. J. CLARK,*† S. GUNNINGHAM,* A. TROY,*‡ S. VUCKOVIC*† & D. N. J. HART*† *Haematology/Immunology/
Transfusion Medicine Research Group, Christchurch School of Medicine, Christchurch, New Zealand

SUMMARY

The RelB gene product is a member of the nuclear factor (NF )-kB family of transcription factors.
It has been identified recently within mouse antigen-presenting cells and human monocyte-derived
dendritic cells (DC). Disruption of the mouse RelB gene is accompanied, amongst other
phenotypes, by abnormalities in the antigen-presenting cell lineages. In order to define RelB
expression during human DC differentiation, we have analysed RelB mRNA by reverse tran-
scriptase–polymerase chain reaction and RelB protein by intracellular staining in CD34+ precursors
and different types of DC preparations. RelB mRNA was not detected in CD34+ precursor
populations. Fresh blood DC (lineage−human leucocyte antigen-DR+ ( lin−HLA-DR+)) lacked
RelB mRNA and cytoplasmic RelB protein but a period of in vitro culture induced RelB
expression in blood DC. Purified Langerhans’ cells (LC ) (CD1a+ HLA-DR+) failed to express
RelB mRNA. Immunocytochemical staining identified RelB protein in human skin epithelium.
RelB protein was expressed in a very few CD1a+, CD83+ or CMRF-44+ dermal DC but was
not present in CD1a+ LC. Tonsil DC ( lin−HLA-DR+ CMRF-44+) were positive for RelB
mRNA and RelB protein. Intestinal DC (HLA-DR+) also lacked immunoreactive
RelB protein. The majority of interdigitating CD83+, CMRF-44+, CMRF-56+ or p55+ DC
located in paracortical T-lymphocyte areas of lymph node and tonsil contained RelB protein. The
expression of RelB mRNA and RelB protein correlates with the activated phase of blood DC
and the postmigration cell (activated) stage of tissue DC development.

INTRODUCTION and human leucocyte antigen (HLA)-DR antigens but not the
lineage ( lin)-restricted CD14, CD3, CD11b, CD16 or CD19Dendritic cells (DC) are specialist antigen-presenting cells
antigens. Langerhans’ cells (LC ) express the HLA class I like(APC) derived, in common with other leukocytes, from bone
molecule CD1a but blood and tonsil DC do not,1 although itmarrow stem cells. Clear discrimination of the different lineages
is expressed on Mo-DC cultured in the presence of cytokines.3of DC differentiation and their subsets1 remains problematical
Other cytoplasmic molecules such as p55 (fascin), which bindsbecause of a relative lack of DC lineage markers. For example,
to a cytoskeleton-associated actin-bundling molecule,4 and the‘myeloid DC’ and monocyte-derived DC (Mo-DC) may be
CD68 antigen, a lysosomal protein that has a perinuclear dotthe result of entirely different differentiation pathways.2
distribution in DC but a widespread cytoplasmic distributionHuman DC, at all stages of differentiation, express the CD45
in macrophages5 are useful for identifying DC in situ. Some
new monoclonal antibodies (mAb) to surface antigens haveReceived 26 November 1998; revised 23 March 1999; accepted 23
enabled DC to be purified by positive selection protocols.March 1999.
These include the CD83 mAb, HB15a,6,7 and two other mAb

Abbreviations: APC, antigen-presenting cells; b2M, b2 microglobu-
produced in this laboratory, CMRF-448,9 and CMRF-5610lin; DC, dendritic cells; LC, Langerhans’ cells; lin, lineage; mAb,
both of which recognize uncharacterized antigens on DC. Themonoclonal antibodies; Mo-DC, monocyte-derived dendritic cells;
CMRF-44 mAb has been used to assess the Mo-DC generatedPBMC, peripheral blood mononuclear cells, PE, phycoerythrin; GAM,

goat antimouse; SAR, sheep antirabbit; GAR, goat antirabbit. from CD14+ cells cultured with cytokines2 and to identify DC
in situ in rheumatoid joints.11 These reagents are becomingPresent addresses: †Mater Medical Research Institute, Raymond
very useful in purifying and defining DC populations.Terrace, South Brisbane, 4101 Queensland, Australia, ‡Department

The precedents established from studies in other haemopo-of Urology, Royal Hobart Hospital, Tasmania 7000, Australia.
ietic lineages would suggest that the differentiation of DC willCorrespondence: Professor D. Hart, Research Director, Mater
be controlled by a range of transcriptional regulators.12–15 TheMedical Research Institute, ‘Aubigny Place’, Mater Misericordiae
nuclear factor (NF )-kB family of transcription factors playsHospitals, Raymond Terrace, South Brisbane 4101, Queensland,

Australia. a role in the regulation of expression of a wide number of
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genes throughout the haemopoietic system.16 NF-kB activity (L243, IgG2a) mAb were produced from hybridomas obtained
is regulated by both transcriptional and post-transcriptional from the American Type Culture Collection (ATCC, Rockville,
mechanisms. To date, five members of this family, c-rel, RelA, MD). CD19 (FMC63, IgG2a), the negative control mAb, Sal5
RelB, p105/p50 and p100/p52 have been described. They form (IgG2a), Sal4 (IgG2b) and X63 (IgG1) were gifts from
a variety of homo- and heterodimers with corresponding Professor H. Zola (Adelaide, Australia). The CD83 mAb
differences in NF-kB-like activity. In the mouse, RelB is (HB15a, IgG2b) was purchased from Immunotech (Miami,
restricted mainly to the interdigitating cells of lymphoid tissues FL). The CD1a mAb (Na 1/34, IgG2a) was a gift from
and the thymic medulla,17 although it is also present in B220 Professor A. McMichael (Institute of Molecular Medicine,
enriched splenic B-lymphocyte fractions.18 Further studies Oxford, UK). BU63 (CD86, IgG1) was a gift from Dr D.
have shown that murine RelB accounts for constitutive NF-kB Hardie (University of Birmingham, Birmingham, UK) and
activity in lymphoid tissue.19 Recent studies in mouse models BB1 (CD80, IgM) was a gift from Dr J. Ledbetter (WA,
have indicated that RelB plays an important role in DC USA). The CD68 mAb ( KiM7, IgG1) was obtained from the
differentiation and maturation. Two models have been third Human Leucocyte Workshop and the mAb to the p55
described in which the RelB gene has been disrupted by antigen ( K-2, IgG1) was kindly provided by Dr E. Langhoff
insertion of a non-homologous gene15 or gene targeting.14 (Boston, MA). The CD45 (CMRF-12, IgG2a24), CD14
Disruption of the RelB gene resulted in mice with a phenotype (CMRF-31, IgG2a25), CMRF-44 (IgM8), CMRF-50 (IgM),
that included an impaired APC function and an absence of and CMRF-56 (IgG110) mAb were produced in this
thymic UEA-1+ cells (which show striking similarities to some laboratory.
human DC).15 The mice appeared to express normal levels of Affinity-purified rabbit polyclonal antibody specific for
LC in the skin but excess levels of granulocytes and macro- RelB (C-19) was purchased from Santa-Cruz (Santa Cruz,
phages were produced. CA) and used at 20 mg/ml. Peroxidase-conjugated goat-

Limited studies on RelB expression in man are available. antirabbit immunoglobulin (P-GAR) was purchased from
RelB protein has been localized by immunohistochemistry Biosource International (Camarillo, CA). Biotinylated goat
to the medullary cells with a DC morphology in the human antimouse immunoglobulin (GAM), mouse immune serum
thymus.20 Constitutive nuclear RelB activity has been for the nuclear protein Ki67 and the rabbit polyclonal antibody
described in plasma cells16 and more recently in the Mo-DC specific for mouse immunoglobulin (RAM) were purchased
derived from the culture of peripheral blood mononuclear from Dako Corporation (Carpenteria, CA). ExtravidinA–
cells in granulocyte–macrophage colony-stimulating factor alkaline phosphatase was purchased from Sigma Chemical
(GM-CSF)21 or GM-CSF and interleukin-4 (IL-4).22 We Company (St Louis, MO). The phycoerythrin (PE)-
anticipated that RelB expression would also be relevant to our conjugated mAb; CD14, CD19, CD34 and HLA-DR were
understanding of human myeloid DC biology. Therefore, obtained from Becton Dickinson (San Jose, CA). Fluoroscein
we used reverse transcription–polymerase chain reaction

isothiocyanate (FITC)-conjugated sheep antirabbit Fab frag-
(RT–PCR), flow cytometry and immunohistology, combined

ment (FITC-SAR) was obtained from Silenus (Melbourne,with a relevant panel of new DC markers to document the
Australia).expression of RelB mRNA and protein in DC populations at

Cells were cultured in RPMI-1640 supplemented withdifferent stages of differentiation and maturation.1 Our labora-
100 U/ml penicillin, 100 mg/ml streptomycin, 2 m -glutaminetory has emphasized that the phenotype of DC is altered by
and 10% heat-inactivated FCS (Life Technologies, Auckland,their method of preparation. ‘Fresh’ blood DC populations
New Zealand). L428 cells were provided by V. Diehl ( Klinikisolated with minimal manipulation have low CD86 expression
fur Innere Medizin., Cologne, Germany).implying that these cells are not activated. These ‘fresh’ DC

populations, prepared directly from peripheral blood by nega-
Cell preparationtive selection, are defined as CD45+ HLA-DR+ leukocytes
CD34+ precursor cells. Cord blood and bone marrow samplesthat lack the lineage markers CD3, CD14, CD15, CD19
(obtained with approval from the SRHA Ethical Committee)and CD16 and are able to initiate a primary T-lymphocyte
were used to isolate CD34+ haemopoietic precursors by theresponse.23 In contrast, ‘activated’ blood DC prepared from
method of Sutherland.26 Mononuclear cells, obtained by den-fresh PBMC that have been incubated in media with 10% fetal
sity gradient centrifugation over Ficoll–Hypaque, were labelledcalf serum (FCS) express CD86 in high density and other
with CD45 mAb and FITC-SAM. After blocking with 10%DC differentiation/activation antigens such as the CD836
normal mouse serum, the cells were labelled withCMRF-448 antigens and the recently identified CMRF-56
CD34-PE mAb. The CD34+, CD45+ precursor cells (>90%antigen.10
purity) were isolated by sorting on a FACS Vantage flowThis report provides novel data, which correlates RelB
cytometer (Becton Dickinson, San Jose).expression with a differentiated/activated DC phenotype. The

Fresh blood DC. Peripheral blood mononuclear cellsdata also provides the first correlations relating the reactivity
(PBMC) were depleted of T lymphocytes by rosetting withof several reagents that are becoming very common for defining
neuraminidase treated sheep erythrocytes, Ficoll–HypaqueDC, with each of the different stages (bone marrow, blood,
gradient centrifugation and ammonium chloride lysis totissue and lymph node) of DC differentiation/activation.
remove erythrocytes. T-lymphocyte depleted PBMC were lab-
elled with a mix of CD3, CD11b, CD14, CD16 and CD19 mAb

MATERIALS AND METHODS followed by goat antimouse immunoglobulin-coated magnetic
beads (PerSeptive Biosystems, Framingham, MA). LabelledReagents
cells were depleted by magnetic immunodepletion, furtherThe CD3 (OKT3, immunoglobulin G2a (IgG2a)), CD16

(HO-80, IgG2b), CD11b (OKM1,IgG2b) and HLA-DR labelled with FITC-SAM and HLA-DR-PE and sorted using
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a fluorescence-activated cell sorting (FACS) Vantage flow 5∞-TTAGCTGTGCTCGCGCTACTCTCT-3∞ (nts 1–24) and
b2MD1; 5∞-TGTCGGATTGATGAAACCCAGAGA-3∞ (ntscytometer to collect the lin− HLA-DR+ fraction (>90%

purity).27 Fresh DC for RT–PCR were frozen at −70° until 113–136).32
The PCR products were fractionated through a 2% agaroserequired.

Cultured DC. T-lymphocyte depleted PBMC isolated as gel, transferred to Hybond N+ and probed with digoxigenin-
labelled internal oligonucleotides according to the manufac-above were cultured at 2×107 cells/ml for 48 hr in RPMI/10%

FCS (Life Technologies). Low-density cells were separated by turer’s recommendations (Boehringer Mannheim). The oligon-
ucleotide sequence used for RelB hybridizations was RelBi;gradient centrifugation over a Nycodenz (Nycomed, Pharma,

Norway) gradient as previously described.28 Cul- 5∞-CACTCTTCACCATGCTG-3∞ (nts 1634–1650) and the
sequence for b2-M was b2Mi; 5∞-TTGAGGCTATCCAG-tured DC were purified to >90% purity by FACS as

CMRF-44+ CD14− CD19− or CMRF-56+ CD14− CD19− CGTACT-3∞ (nts 35–54).
cells.9 These cells are not exposed to any cytokines or other
factors other than those in FCS. Flow cytometry

Surface staining was performed by standard techniques.Langerhans’ cell preparation. LC were prepared from epi-
dermal sheets that were treated overnight with Dispase II Briefly, cells were incubated with primary mAb for 20 min at

4°, washed, incubated with FITC-SAM for 20 min at 4°,(0·5% in phosphate-buffered saline (PBS), Sigma) at 4° prior
to separation of the epidermis and dermis. Epidermal frag- washed, blocked with 10% normal mouse serum for 5 min and

then incubated with PE-conjugated mAb.ments were disrupted by vigorous pipetting and passage
through a cell dissociation cup in the presence of 0·25% trypsin Intracellular staining was performed using a Fix & Perm

kit (Caltag Laboratories, Burlinghame, CA). Briefly, cells wereand DNaseI (5 U/ml ) in PBS at room temperature. The cells
were collected immediately into HEPES-buffered RPMI sup- labelled with the primary mAb for 20 min at 4° then incubated

in fixation medium for 30 min at room temperature, washedplemented with 10% FCS, filtered through nylon mesh, washed
and resuspended in DNaseI/0·1% bovine serum albumin and resuspended in permeabilization medium. The treated cells

were double labelled with RelB antibody or purified rabbit(BSA)/PBS. LC were enriched by Lymphoprep gradient centri-
fugation and further purified as the HLA-DR+ population antimouse polyclonal antibody followed by FITC-SAR and

CD83, CMRF-44 and CMRF-56 mAb and analysed on aby FACS.
Tonsil IDC. A single-cell suspension was prepared in cold FACS Vantage flow cytometer. Data was processed with

CellQuest software.10% FCS/RPMI media containing 5 m ethylenediamine
tetra-acetic acid (EDTA) from fresh tonsil tissue obtained
with ethical permission at routine tonsillectomy. Mononuclear Immunoalkaline phosphatase peroxidase double staining

Normal lymph nodes were obtained from biopsy specimenscells were isolated by Ficoll–Hypaque density gradient cen-
trifugation and depleted of T lymphocytes as above.5,29 that proved to show reactive changes only. Normal tonsils

and skin were obtained after informed consent from patientsMononuclear non-T lymphocytes were labelled with a mix of
CD3, CD14, CD16 and CD19 mAb followed by goat anti- undergoing routine tonsillectomy or reduction mammoplasty,

respectively. Cryostat-cut sections (4–6 mm) were placed onmouse IgG-coated magnetic beads. Labelled cells were
removed by magnetic immunodepletion. The mAb negative gelatin coated slides and air dried overnight, prior to fixing in

cold acetone (4°). Sections were preblocked with 10% humancells were then double labelled with FITC-SAM and HLA-
DR-PE and further purified by sorting using a FACS Vantage AB serum for 30 min at room temperature followed by the

application of the primary mouse mAb for 30 min at roomflow cytometer (>90% purity). After sorting, the lin− HLA-
DR+ cells re-presented an enriched population of tonsil inter- temperature. Sections were washed three times with PBS

then incubated with biotinylated GAM (15200) for a furtherdigitating DC.
30 min before again washing three times with PBS.
ExtravidinA–alkaline phosphatase (15200) was applied forRT–PCR

Total RNA was prepared from frozen cell pellets using either 30 min and the sections were washed twice with PBS and once
with Tris–HCl pH 7·6 before being developed with Fast Bluean NP40 lysis protocol,30 if >5×104 cells were available or

RNeasy kit (QIAGEN, Melbourne, Australia) according to (Sigma) for 5–10 min. Development was monitored using a
microscope and stopped by washing with PBS. Sections weremanufacturer’s instructions. Cells were stored frozen for short

periods and for different lengths of time. The results were then incubated with the RelB antibody (1550) for 45 min,
washed three times with PBS and incubated with horseradish-consistent and did not suggest any artefacts caused by frozen

storage of cell pellets. Total RNA from cellular equivalents peroxidase conjugated goat antirabbit immunoglobulin
(15100) for 30 min. Following two washes in PBS and onewas annealed to oligo-dT primers and reverse transcribed

using Superscript II (Life Technologies) at 42° for 1 hr. RNA with Tris–HCl pH 7·6, sections were developed with 0·1%
3,3,diaminobenzidine for 3–10 min. The reaction was termin-was removed by digestion with RNase H at 37° for 30 min.

RT–PCR was performed with Taq polymerase (Boehringer ated, by washing in PBS, before mounting in glycerol gelatine.
All sections were analysed at 400× using an OlympusMannheim, Auckland, NZ) using the cDNA template and

conditions described by the manufacturer. The RelB specific Bx50 microscope. T-lymphocyte areas in both lymph nodes
and tonsils were identified by CD3 staining and their failureprimers were RelBU1; 5∞-CATCCTGGACCACTTCCT-

GCC-3∞ (nts 1464–1485) and RelBD1; 5∞-GAACATGTT- to stain for CD19. DC were counted in the T-lymphocyte
areas of serial sections. Three staining patterns were counted;GCTGCCCACAAG-3∞ (nts 1798–1818).31 Amplification of

human b2-microglobulin (b2M) was performed to normal- cells staining with RelB antibody alone, cells staining with the
other mAb alone, and cells staining with both antibodies.ize the RT–PCR. The specific primers were b2MU1;
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Counts were performed in five different T-lymphocyte areas RPMI/10% FCS induces the expression of a number of
antigens (e.g. CD83, CMRF-44 and CMRF-56), which areof each specimen and the areas were matched as closely as

possible for each mAb under study. It was then possible to associated with an activated DC phenotype. A short period
of culture of fresh blood DC induced these antigens (thedetermine the proportions of RelB+ cells that coexpressed

DC, macrophage and costimulator molecules. Conversely, the presence of FCS increased their expression) and also induced
expression of RelB mRNA (Fig. 1). The RT–PCR analysisproportion of cells identified by these mAb and double label-

ling with RelB could also be determined. The results for the indicated translational control of RelB mRNA throughout
differentiation and activation of the DC lineage. The moreother tissues studied are reported in a descriptive fashion.
mature lin− HLA-DR+ lymphoid tissue DC purified from the
tonsil express RelB mRNA. The lin− HLA-DR+ purified

RESULTS
tonsil DC include two phenotypically distinct populations of
allostimulatory cells determined by the expression of theExpression of RelB mRNA in purified precursors and

DC populations CMRF-44 antigen ( K. Summers et al. in preparation). We
further analysed the HLA-DR+ CMRF-44+ and HLA-

CD34+ haemopoietic precursors and cells representing differ-
DR+ CMRF-44− populations purified from tonsil and found

ent stages of the maturation and differentiation of the DC
RelB mRNA expressed in both populations (data not shown).

lineage were analysed by RT–PCR for expression of RelB
mRNA (Fig. 1). The CD34+ haemopoietic precursor popu-
lation is heterogeneous and includes a subpopulation of cells Intracellular expression of RelB in blood DC
with allostimulatory activity.33 Studies have indicated that a

We next assessed the intracellular expression of RelB protein
CD34+ subpopulation can differentiate into cells that have a

by flow cytometry using purified blood DC populations.
DC phenotype, including expression of CMRF-44 antigen34

Although the backgrounds were high, there was no staining
and function,35 indicating that this population is likely to

above background with the RelB antibody in lin− HLA-DR+
include a subpopulation of DC progenitors. RelB mRNA was

fresh blood DC (Fig. 2a). Adequate permeabilization of the
not expressed by CD34+ cord blood or bone marrow cells

cells was demonstrated in the positive controls (data not
(Fig. 1). Fresh blood DC ( lin− HLA-DR+) represent the

shown). In contrast, blood DC which had been cultured for
immature circulating population of DC, which after brief
periods of culture, have a phenotype associated with activated
DC. The immature blood DC population lacked RelB mRNA
(Fig. 1). Likewise epithelial tissue DC, i.e. the next stage of a
DC differentiation pathway, were studied as an example of
purified LC (lin− HLA-DR+) and these also lacked RelB
mRNA.

Short-term in vitro culture of fresh blood DC, in

1 2 3 4 5 6 7 8

Figure 1. Expression of RelB transcripts in CD34+ precursors and
DC populations.cDNA prepared from total RNA from purified cell
populations was subjected to RT–PCR for RelB (upper panel ) and
b2-microglobulin ( lower panel ) and subsequently probed with the
digoxigenin labelled gene-specific internal oligonucleotides. The mol-
ecular size of the RT–PCR products is indicated. Lane 1; CD34+ cord
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Figure 2. Detection of intracellular RelB protein in blood DC.Bloodblood precursors Lane 2; CD34+ bone marrow precursors, Lane 3;
Freshly isolated blood DC ( lin− HLA-DR+), Lane 4; Cultured blood DC were isolated and stained for intracellular RelB proteins as

described in Materials and Methods. The amount of RelB staining isDC (CMRF-44+), Lane 5; Purified LC ( lin− HLA-DR+), Lane 6;
Purified tonsil DC (lin− HLA-DR+), Lane 7; L428 cell line, Lane 8; expressed as a dot plot for (a) fresh lin− HLA-DR+ and (b) cultured

CD83+, CMRF-44+ and CMRF-56+ blood DC. Typical results forno cDNA control. The results shown are typical of three independent
cell preparations and RT–PCR analysis. one of three experiments are shown.
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48 hr clearly contained cytoplasmic RelB protein (Fig. 2b). these antigens as well as CD80 and CD86 costimulator mol-
ecules was, therefore, studied. RelB expression in monocytes/Cultured blood DC also express a number of activation

antigens9 and double-labelling studies confirmed that the macrophages, as identified by CD14 and CD68, was also
investigated in an effort to clarify the stage of DC differen-majority of CMRF-44+, CMRF-56+ and CD83+ blood DC

expressed the RelB protein (Fig. 2b). tiation at which these molecules were expressed.
In the lymph node RelB expression was identified inThese results establish that the presence of RelB mRNA

correlated closely with intracellular RelB protein expression scattered nuclei in both the T lymphocyte and B lymphocyte
areas, although its density was several times greater in theas both are present in the blood DC population, which had

an activated phenotype. T-lymphocyte areas. In the T-lymphocyte areas the majority
of RelB+ cells coexpressed the DC activation antigen CD83
(Fig. 3a) and HLA-DR (Fig. 3b). Similar results were seen

RelB expression in non-lymphoid tissues
with CMRF-44, CMRF-56 and p55 (data not shown). A
similar proportion were positive for the costimulator moleculeThe expression of RelB in tissues was assessed by immunohist-

ology. RelB expression in skin was localized to the epidermis, CD86 (Fig. 3c) whereas CD80 expression was less frequent
and weak when present (data not shown). A small number ofwhere strong perinuclear staining was observed in the basal

cell layer. RelB was also present in the more superficial RelB+ cells coexpressed the monocyte/macrophage markers
CD14 and CD68. Almost all activated DC showed obviousepidermal layers, although at much lower levels. LC, readily

identified by CD1a staining did not coexpress RelB (Fig. 3d). nuclear expression of RelB.
As summarized in Fig. 4, RelB is expressed by the majorityThis pattern was also seen in other epithelial tissues such

as bladder mucosa and prostatic glands (data not shown). of tissue DC in the T-lymphocyte area of the lymph nodes
identified by DC associated activation antigens, includingImmunohistological examination of other nonlymphoid tissues

revealed no staining for RelB in the interstitium of both kidney CD83, CMRF-44 and CMRF-56 and the costimulator mol-
ecule CD86. Thus, RelB expression in DC correlates with theand liver (data not shown), sites that are known to contain

interstitial DC.36,37 This data, in conjunction with the RelB post-migration activated stage.
The identity of the RelB+ cells present in B-lymphocytemRNA data, establishes that RelB is not expressed in the

immature DC in the skin and interstitial DC populations. follicles could not accurately be determined. This was because
of the diffuse staining of germinal centre B lymphocytes with
CD83, CMRF-44, CMRF-56 and HLA-DR mAb.

RelB expression in lymphoid tissues
Very similar findings were observed in the tonsils studied.

The majority of cells expressing DC associated antigens CD83,Lymph node and tonsil sections were analysed for coexpression
of RelB and a series of antigens associated with DC differen- CMRF-44, CMRF-56 and p55 coexpressed RelB (data not

shown). Few of the CMRF-44− tonsil DC appeared to expresstiation/activation. The CD83, CMRF-44, CMRF-56, p55,
CD1a and HLA-DR antigens have all been used separately RelB protein. Heavy expression of RelB in the tonsillar

epithelium was also noted. This expression tended to befor the immunological identification of DC. Coexpression of

(a) (b)

(c) (d)

Figure 3. Immunohistological detection of RelB in skin and lymph nodes.In the T-lymphocyte areas of lymph nodes most RelB
staining cells (yellow nuclear pattern) coexpress (a) CD83 (b) HLA-DR and (c) CD86 (blue staining). Occasional RelB staining
cells are present which do not express any of these markers (arrowed). In skin (d), RelB stains the basal epidermal layer (red) but
is not expressed by the LC, which are labelled with CD1a (blue, all ×400). These results are typical of the six skin and six lymph
node sections studied.
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documented to be associated with marked phenotypic and
functional changes thought to mimic differentiation/activation
events in vivo.9,38 Although RelB was expressed in nearly all
mature human DC, it was also expressed by cells other
than DC.

The distribution of human RelB appears to be similar to
the mouse gene product, suggesting an important role for
RelB in the control of DC differentiation and function. In
mice, RelB is expressed predominantly in the thymic medulla
and the interdigitating cells of the lymphoid tissue but not in
interstitial DC or LC. The disruption of RelB expression by
gene targeting or insertional mutagenesis did not effect the LC
population14,15 but had profound influences on APC activity.
It appears that only the mature myeloid DC markers and not
the lymphoid DC markers are reduced in RelB knockout mice,
a result which emphasizes the need to study RelB carefully in
relation to DC differentiation pathways and subsets. Our new
data indicates that RelB contributes during the late stages of
human myeloid DC differentiation/activation in a manner
entirely compatible with this murine data.

The correlation of the CMRF-44, CMRF-56 and CD83
differentiation/activation markers with RelB has not been
described previously. In human thymus RelB was localized to
medullary cells with a dendritic morphology.39 Nuclear localiz-
ation of the p50, p52 and RelB members of the NF-kB family
of proteins in normal human tonsils and lymph nodes with
follicular hyperplasia has been described.20 A panel of anti-
bodies including anti-HLA-DR, CD68 and CD1a antibodies
failed to localize the expression of the transcription factors to
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a particular cell type although it was noted that the distributionFigure 4. Graphical representation of the coexpression of RelB and
may indicate localization to a type of APC. Using the recentlyother antigens by lymphoid DC and monocyte/macrophages in lymph
available antibodies to DC activation/differentiation markersnode. (a) The proportion of RelB+ cells costaining with DC-associated
we were able to localize the expression of RelB to the interdigit-antigens (CD83, CMRF-44, CMRF-56, p55, CD1a and HLA-DR) or

the monocyte/macrophage antigens (CD14 and CD68) clearly indi- ating (CD83+, CMRF-44+, CMRF-56+) DC. A small subset
cated that not all RelB+ cells are DC. (b) The proportion of DC of RelB positive cells appear to be macrophages as defined by
identified by the DC-associated antigens; CD83, CMRF-44, CD14 or CD68 staining, but the majority of macrophages do
CMRF-56, p55, CD1a and HLA-DR or monocyte/macrophages not stain with RelB. We have recently identified a subset of
identified by CD14 and CD68 indicates that most activated DC found CMRF-44− tonsil DC and these appear to express low levels
in the T-lymphocyte areas of the lymph node express RelB. These

of RelB mRNA.results were collated from six samples.
A recent study40 using RT–PCR, noted RelB mRNA to

be present in most human blood lymphoid cell populations,
whereas immunohistological analysis colocalized RelBperinuclear rather than nuclear and was consistently stronger

in the basal layers. expression to HLA-DR+ cells within lymphoid (tonsil ) tissue
section. Human skin was reported not to stain for RelB.
Electrophoretic mobilization shift assays demonstrated RelB

DISCUSSION
nuclear activity in Mo-DC but not in peripheral blood DC
isolated without a period of in vitro culture. Our data extendsWe have studied the expression of the RelB transcription

factor at different stages of differentiation/activation within these findings and makes the critical (new) observation that
RelB expression correlates with markers that identify maturethe human myeloid DC lineage using RT–PCR, flow cytometry

and immunohistochemistry. It was important to examine the differentiated or activated DC populations in both cultured
blood preparations and lymphoid tissues. The isolated DC‘natural’ DC differentiation pathway as well as what may be

an alternative ‘boost’ pathway of Mo-DC differentiation.1 No purified directly from fresh blood were negative, but cultured
blood upregulates RelB expression in parallel with other DCRelB mRNA or protein was found in the earlier stages of DC

differentiation, including CD34+ precursors from cord blood markers. This appears to mimic in vivo events associated with
myeloid DC differentiation and suggests that RelB may beand bone marrow, fresh blood DC and interstitial tissue and

epithelial associated LC. In contrast, RelB was expressed in important in human in vivo DC differentiation. Monocytes
cultured in the presence of cytokines, notably GM-CSF/IL-4,the later stages of DC differentiation, i.e. the postmigration

(activated) interdigitating DC associated with lymphoid tissue. generate cells with an activated DC-like phenotype.2 These
cells, which clearly differ in their molecular characteristicsThe in vitro differentiation/activation of blood DC resulting

from 48 hr culture in media containing serum, was associated from blood cultured DC (in preparation), also express RelB,
as has been described by others.with the expression of RelB. This treatment has been well
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10. H B.D., F D.B., B A. et al. (1999) Humanheterodimers containing p50, c-Rel and RelB are able to
dendritic cells express a 95kda activation/differentiation antigeninteract. The CD80 costimulator molecule is expressed by
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