
Heterogeneity of Dendritic Cells in Human
Superficial Lymph Node

In Vitro Maturation of Immature Dendritic Cells into Mature or
Activated Interdigitating Reticulum Cells

Kiyoshi Takahashi,* Kenji Asagoe,† Jin Zaishun,*
Hiroyuki Yanai,* Tadashi Yoshino,*
Kazuhiko Hayashi,* and Tadaatsu Akagi*
From the Departments of Pathology * and Dermatology,†

Okayama University Medical School, Okayama, Japan

A two-color immunofluorescent analysis indicated
that dendritic cells (DCs) in the human axillar lymph
nodes (ie, lymph nodal DCs (LnDCs)) can be classi-
fied into three subsets. The first subset consists of
CD1a

1

/CD862 or dim/CD832 or dim nondendriform DCs
found mainly in lymph sinuses, the second is of
CD1a2/CD861/CD831 dendriform DCs scattered in
normal T zones, and the third is of large CD1abright/
CD861/CD831 dendriform DCs occasionally found in
hyperplastic T zones. A three-color flow cytometric
analysis, immunoperoxidase staining, and electron
microscopic observation indicated that the majority
of LnDCs corresponded to the first subset, which
showed distinctive characteristics of DCs but did not
fulfill the ultrastructural criteria for interdigitating
reticulum cells (IDCs) and did not contain Birbeck
granules. When LnDCs were cultured for 7 days, they
became large CD1adim/CD861/CD831 dendriform
cells, which formed large complexes with many T
cells and exhibited distinctive ultrastructural features
of interdigitating reticulum cells. LnDCs cultured in
the presence of granulocyte/macrophage colony-
stimulating factor became markedly larger
CD1abright/CD861/CD831 dendriform cells forming
large complexes with numerous T cells. These find-
ings suggest that cells of the first subset represent
immature LnDCs just migrating from epidermis,
those of the second subset represent interdigitating
reticulum cells, and those of the third subset repre-
sent interdigitating reticulum cells probably stimu-
lated with certain immunostimulatory cytokines such
as granulocyte/macrophage colony-stimulating fac-
tor. It is also suggested that either the second or the
third subsets of LnDCs are derived from the first sub-
set. (Am J Pathol 1998, 153:745–755)

Dendritic cells (DCs) are potent antigen-presenting cells
with the unique ability to activate resting T cells and to
prime the immune response. Peripheral DCs can exist at
various stages of differentiation. Interdigitating reticulum
cells (IDCs) are one of the main classes of DCs in lym-
phoid tissues, including lymph nodes (LN), spleen, and
thymus.1–4 IDCs are defined exclusively by their unique
ultrastructural characteristics, such as numerous inter-
digitating cytoplasmic projections on their surface, elec-
tron-lucent abundant cytoplasm containing well-devel-
oped tubulovesicular structures, and a deeply indented
eu-chromatin-rich nucleus.1–4

It is generally accepted that IDCs are derived from
Langerhans cells (LCs), which migrate from the epider-
mis to the draining LN upon picking up antigens.5,6 How-
ever, several important questions remain to be answered
as to the differences between immature lymph nodal DCs
(LnDCs) just migrating from the epidermis and IDCs,
how the immature LnDCs mature into IDCs, and what
effects immunoregulatory cytokines have on their matu-
ration into IDCs.

Shinzato et al7 and Shamoto et al8 have revealed that
LnDCs are heterogeneous in expressing CD1a antigen,
and demonstrated that LCs in superficial LN, which are
defined by the presence of Birbeck granules, are positive
for CD1a, whereas IDCs are negative for this antigen, and
suggested that LC and IDC are different in origin. More-
over, although DCs have been considered to be closely
related to the myelomonocytic lineage, it was recently
revealed that in the thymus there exists a novel subset of
DCs expressing some T-cell antigens (CD8 and/or CD4)
and Fas ligand, as well as DC-associated antigens, and
that they are ontogenetically closely related to T cells.9–12

Thus, it seems possible that LnDCs consist of plural
subsets of different origin. It is, therefore, important to
define the morphological and immunophenotypic differ-
ences among LnDCs and clarify what causes the heter-
ogeneity of LnDCs.
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In the present study, we investigated the morphology
and the immunophenotype of LnDCs in human axillar LN
obtained from patients with breast cancer by multicolor
immunofluorescent staining and flow cytometry. We also
investigated the immunophenotype and the behaviors of
cultured LnDCs. We paid particular attention to their ex-
pression of CD1 and CD86 (B7-2) molecules, because
increasing evidence suggests that CD1 molecules are
novel antigen-presenting molecules not belonging to ma-
jor histocompatibility complex class II molecules involved
in the presentation of nonpeptide-antigens such as lipids
and glycolipids to particular subsets of T cells,13 and it
has been shown that CD86 plays a major role as costimu-
latory molecules in major histocompatibility complex
class II-mediated peptide antigen presentation.14

We demonstrate here that LnDCs in human axillar LN
are heterogeneous and can be classified into three sub-
sets according to their morphology; location; and expres-
sion of CD1a, CD86, and CD83. We describe the mor-
phology and the immunophenotype of these three
subsets of LnDCs and report evidence that strongly sug-
gests that all three subsets of LnDCs are of the same
origin.

Materials and Methods

Antibodies

The expression of leukocyte cell surface markers was
assessed using the following fluorescein isothiocyan-
ate (FITC)-conjugated murine monoclonal antibodies
(mAbs): anti-CD1a, anti-HLA-DR, anti-CD14, and anti-
CD32 (FcgR-II) from DAKO (Glostrup, Denmark), and
anti-CD86 (B7-2) from TALK-TEC (San Diego, CA). The
phycoerythrin (PE)-conjugated murine mAbs anti-CD1a,
anti-HLA-DR, anti-CD14, and anti-CD86 were from TALK-
TEC, and anti-CD83 was from Immunotech (Marseille,
France). Per-CP-conjugated anti-HLA-DR was pur-
chased from Becton Dickinson Systems (Mountain View,
CA). The nonconjugated murine mAbs anti-CD1a, anti-
CD3, anti-CD4, anti-CD8, anti-CD86 (B70/B7-2), and
HLA-DR were purchased from TALK-TEC, anti-CD1b and
anti-CD1c were from Serotec (Oxford, England), and anti-
CD83 was from Immunotech.

Affinity-purified rabbit polyclonal antibodies to the bo-
vine S-100b subunit were prepared as described previ-
ously.15,16 As the second antibody for immunoperoxi-
dase staining, horseradish peroxidase-conjugated goat
anti-mouse immunoglobulin G (IgG) and horseradish per-
oxidase-conjugated goat anti-rabbit IgG were purchased
from TAGO (Tokyo, Japan).

Cytokines

Recombinant human (rh) granulocyte/macrophage-col-
ony stimulating factor (GM-CSF) and interleukin-10 (IL-
10) were purchased from Genzyme Systems (Cam-
bridge, MA).

Preparation of Frozen Sections, Cell
Suspension, and Culture Conditions

Human axillar LNs were surgically obtained from six pa-
tients with breast cancer under informed consent. All of
these LNs were devoid of cancer metastasis. Three LNs
were used for preparing frozen sections, which were
fixed in acetone for 10 minutes and examined immuno-
histochemically.

The other three LNs were cut into 2-mm3 cubes, and a
single-cell suspension was obtained by gentle pressure
with a glass homogenizer. After the removal of dead cells
and erythrocytes by Ficoll-Hypaque density gradient
centrifugation, the cells were suspended in 10% heat-
inactivated, low-endotoxin (,6 pg/ml) fetal calf serum
(Irvine Scientific, Santa Ana, CA)-supplemented RPMI
1640 (Nissui, Tokyo, Japan). The cells were then cultured
at a concentration of 106 cells/ml at 37°C in 5% CO2 in
humidified air, and the culture media were half-changed
every 3 days. The cells were cultured for 7 days and
examined.

Removal of CD861 LnDCs from the
Fresh LN Suspension

CD861 LnDCs were removed on occasion from the fresh
LN suspension by complement-mediated lysis using
anti-CD86 mAbs (IgG2b; TALK-TEC) and rabbit comple-
ment (Cedarlane Laboratories Ltd, Hornby, Ontario, Can-
ada) as described previously.17 After washing, the LN
cells were cultured for 14 days and examined by flow
cytometry.

Electron Microscopy

For electron microscopic examination, macrophages
were removed from the fresh LN suspension by comple-
ment-mediated lysis using anti-CD14 mAb (IgG2a; TALK-
TEC) as described above. Fresh or cultured LN cells from
which phagocytic macrophages were removed by com-
plement-mediated lysis as described above were fixed
with 2% gluteraldehyde solution for 1 hour, postfixed with
2% OsO4, and embedded in Epon 812. Ultrathin sections
doubly stained with uranyl acetate and lead citrate were
examined by electron microscopy as described previ-
ously.18

Flow Cytometric Analysis

Suspended LN cells were examined by three-color flow
cytometry. Cells (n 5 106) were incubated with optimal
concentrations of fluorescent dye-conjugated mAbs for
45 minutes on ice. The cells were then washed in phos-
phate-buffered saline containing 2% fetal calf serum and
0.2% sodium azide and fixed in 3% formaldehyde. A
FACScan (Becton Dickinson Systems) was used to ana-
lyze the cells.
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Immunoperoxidase Staining

For immunocytochemical staining, cells were smeared on
glass slides with a cytospin (Sakura, Tokyo, Japan), fixed
in acetone for 10 minutes at room temperature, and air
dried. For the detection of cytoplasmic S-100b protein,
cells were fixed in 4% paraformaldehyde solution for 15
minutes, washed with phosphate-buffered saline, and
smeared on glass slides. Indirect immunoperoxidase
staining was performed as described previously.18 After
immunoperoxidase staining, cells were counterstained
with methyl green.

Two-Color Immunofluorescent Staining

Frozen sections of axillar LN and smeared LN cells were
fixed with acetone for 10 minutes. The preparations were
incubated with both FITC-conjugated and PE-conjugated

mAbs (20 mg protein/ml) for 30 minutes at room temper-
ature. After washing, the preparations were examined by
fluorescent microscopy.

Results

LnDCs in Frozen Sections

LnDCs in the axillar LN were identified as large HLA-
DRbright/CD142 dendriform cells, whereas phagocytic
macrophages were HLA-DRdim/CD141 cells (Figure
1a,a’). CD1a, CD86, and CD83 were also expressed on
some LnDCs (Figure 1b,b’). Although all LnDCs were
strongly positive for HLA-DR, they were heterogeneous in
expressing CD1a, CD86, CD83, and CD32. Three sub-
sets of LnDCs, CD1a1/CD862 or dim/CD832 or dim LnDCs,
CD1a2/CD861/CD831 LnDCs, and CD1abright/CD861/

Figure 1. Two-color immunofluorescent microscopic analysis on the frozen sections of the axillar lymph nodes obtained from the patients with breast cancer. a
and a’: T zone stained with FITC-conjugated anti-CD14 (a) and PE-conjugated anti-HLA-DR (a’). Several large dendriform cells corresponding to IDCs are strongly
positive for HLA-DR (a’) but negative for CD14 (a). Only a small number of cells corresponding to macrophages are positive for CD14 and HLA-DR. Magnification,
3270. b and b’: T zone stained with FITC-conjugated anti-CD14 (b) and PE-conjugated anti-CD86 (b’). The LnDCs are strongly positive for CD86 (b’) but negative
for CD14 (b). 350. c and c’: Lymph sinus stained with FITC-conjugated anti-CD1a (c) and PE-conjugated CD86 (c’). The LnDCs in the lymph sinus lacking
dendriform morphology are positive for CD1a but not for CD86. Note that dendriform LnDCs found in the T zone are strongly positive for CD86 but almost
negative for CD1a. 340. d and d’: Lymph sinus stained with FITC-conjugated anti-CD1a (d) and PE-conjugated anti-CD83 (d’). The CD1a1 LnDCs found in the
lymph sinus are weakly positive for CD83. 340. e and e’: T zone stained with FITC-conjugated anti-CD1a (e) and PE-conjugated anti-CD86 (e’). The LnDCs in
the T zone are strongly positive for CD86 (e) but negative for CD1a (e’). CD86 is also expressed on some germinal center cells (upper left). 340. f and f’: T zone
stained with FITC-conjugated anti-CD1a ( f ) and anti-CD83 ( f’ ). The LnDC in the T zones are strongly positive for CD83 ( f’ ) but negative for CD1a ( f ). CD83
is also expressed on some germinal center cells (upper left). 340. g and g’: T zone showing reactive hyperplasia stained with FITC-conjugated anti-CD1a (g) and
PE-conjugated anti-CD86 (g’). The large dendriform LnDCs found in groups are strongly positive for both CD1a (g) and CD86 (g’). 380. h and h’: T zone showing
reactive hyperplasia stained with FITC-conjugated anti-CD1a ( f ) and PE-conjugated anti-CD83 ( f’ ). A considerable number of the large dendriform LnDCs found
in groups are strongly positive for CD1a (h) and CD83 (h’). 380.
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CD831 LnDCs, were identified. The first subset of CD1a
1

/
CD862 or dim/CD832 or dim LnDCs consisted of round or
ovoid cells lacking dendritic morphology, smaller than
the other two subsets of LnDCs, and were found mainly in
the lymph sinuses and in the parenchyma adjacent to the
lymph sinuses (Figure 1c to d’). They were uniformly
positive for CD1a, and some of them were weakly positive
for CD86 (Figure 1c,c’), CD83 (Figure 1d,d’), and/or
CD32 (data not shown).

Cells of the second subset of CD1a2/CD861/CD831

LnDCs were found to be scattered in normal T zones and
exhibited distinctive dendritic morphology. They were
positive for both CD86 and CD83 but negative for CD1a
(Figure 1e to f’).

Cells of the third subset of CD1abright/CD861/CD831

LnDCs were found in only one of the three LNs examined.
They were found in T zones showing reactive hyperpla-
sia. They were larger than LnDCs in the first and the
second subsets, exhibited extensive dendritic morphol-
ogy, and tended to be found in groups (Figure 1e to f’).
One of the most remarkable features of them was the
strong expression of CD1a. Their staining intensity for
CD86 tended to be in proportion to that for CD1a, but
their staining intensity for CD83 tended to be in inversely
proportion to that for CD1a. Cells of the second and the
third subsets of LnDC were negative for CD32 (data not
shown).

Suspended Fresh LnDCs

Immunoperoxidase Staining

Smeared fresh LN cells were examined by immuno-
peroxidase methods. LnDCs were identified as large
cells with irregular contours strongly positive for HLA-DR
(Figure 2a); for CD1a, CD1b, and CD1c (Figure 2, b to d);
and for S-100b protein (Figure 2, e and f). HLA-DR was
also expressed on considerable numbers of lymphocytes
and macrophages, whereas CD1 molecules and S-100b
protein were specifically expressed in LnDCs. Some

LnDCs were also positive for CD83 (Figure 2g) and CD86
(Figure 2h). LnDCs were found to attach to several T
cells, which were mostly helper T cells (CD31/CD41/
CD82).

Double Immunofluorescent Staining

In the fresh LN suspensions, the LnDCs could be
easily distinguished from phagocytic macrophages by
the strong expression of HLA-DR and the negativity for
the monocyte/macrophage-specific marker CD14. As
shown in Figure 3a,a’, LnDCs were identified as large
cells strongly positive for HLA-DR and negative for CD14,
whereas macrophages were large cells weakly positive
for HLA-DR and strongly positive for CD14. The majority
of HLA-DRbright LnDCs were also positive for CD1a (Fig-
ure 3b,b’). Some LnDCs expressing CD1a were weakly
positive for CD86 and CD83 (Figure 3 c–d’). None of
them expressed T cell-associated antigens, such as
CD3, CD4, or CD8 (data not shown).

Flow Cytometric Analysis

Fluorescent microscopy indicated that LnDCs in the
axillar LN were heterogeneous in expressing CD1a,
CD86, CD83, and CD32, as described above. Therefore,
we precisely analyzed their heterogeneity by three-color
flow cytometry. We examined LN cells obtained from the
three patients by flow cytometry, and the results were
virtually the same. Therefore, we describe herein the
results obtained from one representative case.

As shown in Figure 4, LnDCs expressing CD1a ac-
counted for approximately 1% of all LN cells. They
formed a distinctive population of cells expressing the
highest level of HLA-DR. Some CD1a1 LnDCs were
weakly positive for CD86 (approximately 20%), CD83
(approximately 10%), and CD32 (approximately 25%).

Thus, LnDCs in the axillar LN were heterogeneous, and
CD1a1/CD862 or dim/CD832 or dim LnDCs predominated.

Figure 2. Immunoperoxidase staining of the fresh smeared LN cells. Fresh smeared LnDCs are strongly positive for HLA-DR (a), CD1a (b), CD1b (c), CD1c (d),
and S-100b protein (e and f ). Some of the LnDCs are positive for CD83 (g) and CD86 (h). They exhibit irregular contours and attach to several T cells.
(Magnification, 31400).
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Although CD1a2/CD861/CD831 dendriform LnDCs were
clearly detected in T zones of the axillar LN by immuno-
fluorescent microscopy, they were scarcely detected as
a distinctive population by flow cytometry, indicating that
their percentage in total LN cells was very low.

Ultrastructure

To avoid confusing immature LnDCs with macro-
phages by electron microscopy, macrophages were re-
moved from the LN suspension by complement-medi-
ated lysis using an anti-CD14 mAb. All of the LnDCs (20
of 20) identified by electron microscopy exhibited imma-
ture features of LnDCs, which did not fulfill the ultrastruc-
tural criteria of IDCs (Figure 5, a to c). Namely, they were
larger than lymphocytes and had abundant cytoplasm
containing irregularly shaped nuclei and extended num-
bers of short finger-like cytoplasmic projections on their
surface, with which they attached to a few T cells. They
possessed abundant and relatively electron-dense cyto-
plasm with irregular nuclei and well developed cellular

organelles including mitochondria, dense bodies, and
tubulovesicular structures, and they attached to neigh-
boring T cells through their projections. Birbeck granules
were not observed.

Cultured LnDCs

Immunoperoxidase Staining

LN cells decreased in number nonselectively during
the culture in vitro, and this was due to nonspecific cell
death during the culture. The morphology and the immu-
nophenotype of LnDCs changed significantly during the
culture for 7 days. They were found to be completely
nonadherent cells, whereas phagocytic macrophages
mostly adhered to the plastic bottom of the culture
dishes. The LnDCs became larger and extended numer-
ous fine cytoplasmic projections and formed large
complexes with many T cells. They were strongly positive
for HLA-DR, CD86, CD83, and S-100b protein (Figure 6,
a to e).

Figure 3. Two-color immunofluorescent staining of smeared LN cells. a and a’: Fresh LN cells stained with FITC-conjugated anti-HLA-DR (a) and PE-conjugated
anti-CD14 (a’). The LnDCs are strongly positive for HLA-DR but not CD14, whereas phagocytic macrophages are weakly positive for HLA-DR and strongly positive
for CD14. Magnification, 3160. b and b’: Fresh LN cells stained with FITC-conjugated anti-HLA-DR (b) and PE-conjugated anti-CD1a (b’). The LnDCs strongly
expressing HLA-DR are also strongly positive for CD1a. (3160). c and c’: Fresh LN cells stained with FITC-conjugated anti-CD1a (c) and PE-conjugated anti-CD86
(c’). Some of the LnDCs strongly expressing CD1a are positive for CD86. (3160). d and d’: Fresh LN cells stained with FITC-conjugated anti-CD1a (d) and
PE-conjugated anti-CD83 (d’). Some of the LnDCs strongly expressing CD1a are weakly positive for CD83. (380). e and e’: LN cells cultured for 7 days stained
with FITC-conjugated anti-HLA-DR (e) and PE-conjugated anti-CD14 (e’). The large LnDCs with irregular contours are strongly positive for HLA-DR but negative
for CD14, whereas only a small number of macrophages are weakly positive for HLA-DR and strongly positive for CD14. 3160. f and f’: LN cells cultured for 7
days stained with FITC-conjugated anti-HLA-DR (f) and PE-conjugated anti-CD86 (f’). The vast majority of the large irregular LnDCs strongly positive for HLA-DR
are also positive for CD86. 3160. g and g’: LN cells cultured for 7 days stained with FITC-conjugated anti-CD1a (g) and PE-conjugated anti-CD86 (g’). CD1a expression
by the LnDCs is largely down-regulated, but their CD86 expression is significantly up-regulated during the culture. 3160. h and h’: LN cells cultured for 7 days
stained with FITC-conjugated anti-HLA-DR (h) and PE-conjugated anti-CD83 (h’). The LnDCs strongly positive for HLA-DR are also positive for CD83. 3160.
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Two-Color Immunofluorescent Staining

The cultured LnDCs were large HLA-DRbright/CD142

dendriform cells, whereas phagocytic macrophages,
which were very few in the nonadherent fraction, were

HLA-DRdim/CD141 cells (Figure 3e,e’). They became
larger in size and exhibited irregular contours. Most of the
LnDCs became strongly positive for CD86 and CD83,
but their CD1a expression was significantly down-regu-
lated (Figure 3, f to h’). Thus, most of the LnDCs became
large CD1adim/CD861/CD831 dendriform cells during
the culture.

Flow Cytometry

The flow cytometric analysis indicated that the CD1a
expression by DCs was significantly down-regulated
(Figure 7A) and that the CD1a1 LnDCs decreased in
number (approximately 0.25% in cultured LN cells). In
contrast, the CD83 and CD86 expressions of the LnDCs
were up-regulated (Figure 7, B and D). LnDCs became
negative for CD32 (Figure 7C).

Electron Microscopy

The LnDCs cultured for 7 days tended to show the
typical ultrastructural features of IDCs. Of the 20 LnDCs
identified by electron microscopy, 12 fulfilled the ultra-
structural criteria of IDCs; ie, they were large cells ex-
tending numerous interdigitating cytoplasmic projections
on their surfaces; they possessed electron-lucent, abun-
dant cytoplasm containing a deeply indented eu-chroma-
tin-rich nucleus and well-developed cytoplasmic or-
ganelles including tubulovesicular structures; and they
formed attachments with neighboring T cells through
their numerous interdigitating cytoplasmic projections
(Figure 8, a and b). The other 8 LnDCs exhibited some of
these ultrastructural characteristics incompletely (data
not shown).

Effects of Cytokines

To clarify the effects of immunoregulatory cytokines in-
cluding GM-CSF and IL-10, LN cells were cultured for 7

Figure 4. Flow cytometric analysis of the fresh LN cells. A: Fresh LN cells
treated with FITC-conjugated anti-CD86, PE-conjugated anti-CD1a, and Per-
CP-conjugated anti-HLA-DR. Black dots indicate CD1a1 LnDCs, which ex-
press the highest level of HLA-DR and comprise approximately 1% of total
cells. Approximately 20% of CD1a1 LnDCs express CD86 weakly. B: Fresh
LN cells treated with FITC-conjugated anti-CD1a, PE-conjugated anti-CD83,
and Per-CP-conjugated anti-HLA-DR. Black dots indicate CD1a1 LnDCs.
Approximately 10% of CD1a1 LnDCs express CD83 weakly. C: Fresh LN cells
treated with FITC-conjugated anti-CD1a, PE-conjugated anti-CD32, and Per-
CP-conjugated anti-HLA-DR. Black dots indicate CD1a1 LnDCs. Approxi-
mately 25% of CD1a1 LnDCs are weakly positive for CD32. D: Fresh LN cells
treated with FITC-conjugated CD86, PE-conjugated CD83, and Per-CP-con-
jugated anti-HLA-DR. Black dots indicate CD831 LnDCs. The majority of
LnDCs expressing CD83 are weakly positive for CD86.

Figure 5. Ultrastructure of fresh LnDCs obtained from the axillar LN. The LnDCs are large cells with villous projections, through which they attach to neighboring
T cells. They possess irregular nuclei and relatively electron-dense cytoplasm containing tubulovesicular structures and dense bodies. They do not fulfill the
ultrastructural criteria for IDC and do not contain Birbeck granules. Magnification: 34285 (a), 35000 (b), and 33750 (c).
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days in the presence of 10 ng/ml of rhGM-CSF or rhIL-10
and then examined. GM-CSF improved the viability of
LnDC and up-regulated their CD1a, CD86, and CD83
expressions (Figure 9, A and B). GM-CSF promoted the
formation of complexes with T cells by LnDCs. LnDCs
treated with GM-CSF tended to aggregate and formed
larger complexes with numerous T cells. The flow cyto-
metric analysis indicated that GM-CSF significantly up-
regulated the expressions of CD1a and CD86 (Figure 7,
f and g).

Conversely, IL-10 worsened the viability of LnDCs
(0.1% in nonadherent LN cells) and strongly inhibited
their formation of complexes with T cells (Figure 7h). The
flow cytometric analysis indicated that IL-10 down-regu-
lated their CD1a and CD86 expression (data not shown).

Generation of CD861/CD831 LnDCs from the
CD861 Cell-Deleted LN Culture in Vitro

The flow cytometry indicated that although CD1a
1

/
CD862/CD832 or dim LnDCs predominated in the LN sus-
pension at the start of the culture, CD1adim/CD861/
CD831 LnDCs became predominant at the end of the
culture. To exclude the possibility that CD1a

1

/CD862/
CD832 or dim LnDCs selectively died during the culture
and that, as a result, CD1adim/CD861/CD831 LnDCs,
which were present in the culture in only a small number
at the start of the culture, became predominant at the end
of culture, we deleted CD861 cells from the LN suspen-
sion by complement-mediated lysis at the start of culture.
The LN cells were then cultured for 14 days and exam-
ined by flow cytometry. As shown in Figure 8, C and D,
there were virtually no CD861 LnDCs at the start of the

Figure 6. Immunoperoxidase staining of LnDCs cultured for 7 days (a to e). a: A large dendriform LnDC strongly positive for HLA-DR form complexes with many
T cells. Magnification, 3800. b: An HLA-DRbright LnDC extending numerous fine cytoplasmic projections, with which it attaches to T cells. 31200. c: An LnDC
strongly positive for CD86. 3600. d: An LnDC strongly positive for CD83. 3800. e: An LnDC strongly positive for S-100b protein. 3800. f and g: Immunoperoxidase
staining for HLA-DR of LnDCs cultured for 7 days in the presence of 10 ng/ml of rhGM-CSF. f: LnDCs strongly positive for HLA-DR form large complexes with
numerous T cells. 3400. g: Several LnDCs strongly positive for HLA-DR aggregate and form large complexes with numerous T cells. 3500. h: Immunoperoxidase
staining for HLA-DR of an LnDC cultured for 7 days in the presence of 10 ng/ml of rhIL-10. Note an HLA-DR1 LnDC that does not attach to T cells. 3800.

Figure 7. Flow cytometric analysis of LN cells cultured for 7 days. A: Cultured
LN cells treated with FITC-conjugated anti-CD86, PE-conjugated anti-CD1a,
and Per-CP-conjugated anti-HLA-DR. Black dots indicate CD1a1 LnDCs,
which comprise approximately 0.25% of total cells. CD1a expression by
LnDCs is significantly down-regulated, and their CD86 expression is up-
regulated. B: Cultured LN cells treated with FITC-conjugated anti-CD1a,
PE-conjugated anti-CD83, and Per-CP-conjugated anti-HLA-DR. Black dots
indicate CD1a1 LnDCs. CD83 expression by LnDCs is slightly up-regulated.
C: Cultured LN cells treated with FITC-conjugated anti-CD1a, PE-conjugated
anti-CD32, and Per-CP-conjugated anti-HLA-DR. Black dots indicate CD1a1

LnDCs. CD1a1 LnDCs are mostly converted to be negative for CD32. D:
Cultured LN cells treated with FITC-conjugated CD86, PE-conjugated CD83,
and Per-CP-conjugated anti-HLA-DR. Black dots indicate CD831 LnDCs. The
expressions of CD86 and CD83 by LnDC are up-regulated during the culture.
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culture, but a considerable number of CD861/CD831

LnDCs were found at the end of the culture. These find-
ings strongly suggested that CD1a1/CD862 or dim/CD832

or dim LnDCs themselves matured into CD1adim/CD861/
CD831 LnDCs during the culture.

Discussion

The results of the present study indicate that LnDCs in
human superficial LNs are heterogeneous in morphology
and in surface immunophenotype. By tissue immunohis-
tochemistry, LnDCs were classified into three subsets;
the first subset was of CD1a1/CD862 or dim/CD832 or dim

nondendriform LnDCs found mainly in the lymph sinus,
the second subset was of CD1a2/CD861/CD831 dendri-
form LnDCs scattered in normal T zones, and the third
subset was of large CD1abright/CD861/CD831 dendri-
form LnDCs occasionally found in T zones showing re-
active hyperplasia.

It is generally accepted that LnDCs in the superficial
LN are derived from epidermal LC; ie, epidermal LCs
migrate to the T zones of the draining LN via afferent
lymph upon picking up antigens, where they mature into
IDCs and present the antigens to T cells.19 According to
this view, it is reasonable to consider that the first subset
represents immature LnDCs migrating from the skin, and
that the second subset represents IDCs.

The first subset of LnDCs were found mainly in the
lymph sinuses and the parenchyma adjacent to them;
these LnDCs were smaller than those of the other subsets
of LnDCs and were round or ovoid in shape, lacking a
dendriform appearance. They were strongly positive for
CD1a. Some of them were weakly positive for CD83 and
CD86. The flow cytometric analysis indicated that the
vast majority of LnDCs in the axillar LN examined could

Figure 9. A and B: Flow cytometric analysis of LN cells cultured for 7 days in
the presence of 10 ng/ml of rhGM-CSF. A: GM-CSF-treated LN cells incubated
with FITC-conjugated anti-CD86, PE-conjugated anti-CD1a, and Per-CP-con-
jugated HLA-DR. Black dots indicate CD861 cells. CD86 and CD1a expres-
sions by the LnDCs are significantly up-regulated. B: GM-CSF-treated LN cells
incubated with FITC-conjugated anti-CD86, PE-conjugated anti-CD83, and
Per-CP-conjugated HLA-DR. Black dots indicate CD831 LnDCs. GM-CSF
up-regulates CD86 and CD83 expressions by LnDCs. C and D: Flow cyto-
metric analysis of the LN cell fraction from which CD861 cells were removed
at the start of the culture. C: Noncultured CD861 cell-deleted LN cell fraction
treated with FITC-conjugated anti-CD86, PE-conjugated anti-CD83, and Per-
CP-conjugated anti-HLA-DR. No CD861 LnDCs are detected by flow cytom-
etry. D: The 14-day-cultured CD861 cell-deleted LN cell fraction treated with
FITC-conjugated anti-CD86, PE-conjugated anti-CD83, and Per-CP-conju-
gated anti-HLA-DR. Note a considerable number of CD861/CD831 LnDCs.

Figure 8. An LnDC cultured for 7 days exhibits the distinctive ultrastructural features of IDC. Magnification: 35200 (a) and 34400 (b).
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be categorized into the first subset. The immunoperoxi-
dase staining indicated that they were strongly positive
for S-100b protein, a characteristic cytoplasmic marker
for human DCs, including LCs and IDCs,16,18,20 and
these LnDCs exhibited an ability to form complexes with
several T cells, which is known to be one of the most
important characteristics of DCs.21,22 Ultrastructurally,
however, they did not contain Birbeck granules and did
not fulfill the ultrastructural criteria of IDCs. As shown in
this study, some of them expressed CD32, which is a
low-affinity Fcg receptor expressed on macrophages and
epidermal LCs, but not on IDCs, and is thought to be
important for the capture of opsonized pathogens.23–26 It
seems likely that the expression of CD32 on some of the
first subset of LnDCs was a vestige of their earlier form,
ie, epidermal LCs.

The first subset of LnDCs also expressed CD1b and
CD1c as well as CD1a. CD1a, CD1b, and CD1c are the
three isoforms of the human CD1 family.13 It has been
shown that the expressions of CD1a and CD1c are fea-
tures shared with epidermal LCs and dermal DCs,
whereas CD1b is expressed on dermal DCs but not on
epidermal LCs.27 It has been suggested that in human
skin, CD1a1/CD1b2/CD1c1 DCs represent nonmigrating
forms of DCs, whereas CD1a1/CD1b1/CD1c1 DCs rep-
resent active migrating forms of DCs, and that when
CD1a1/CD1b2/CD1c1 LCs pick up antigen in the epi-
dermis, they become CD1a1/CD1b1/CD1c1 and move
to the dermis, from which they migrate to the draining
LN.28 Thus, it seems likely that the first subset of LnDCs
were more closely related to dermal DCs, ie, the mi-
grating forms of DCs, than to epidermal LCs. Based on
these findings, it is reasonable to consider that the first
subset of LnDCs represent neither LCs nor IDCs, but the
immature form of LnDC, ie, the converting form from LCs
into IDCs.

The second subset of LnDC, ie, CD1a2/CD861/CD831

dendriform LnDCs, were found to be scattered in the
normal T zones and exhibited a conspicuous dendritic
appearance. This subset of LnDCs was hardly identified
by flow cytometry as a distinctive population in the LN
suspension, indicating that their percentage in the total
LN cells was very low. In the frozen sections, however,
they were easily and clearly identified by fluorescent
microscopy as dendriform cells strongly expressing HLA-
DR, CD86, and CD83. Judging from their immunopheno-
type, morphology, and location, it is clear that they cor-
responded to IDCs.

CD83 is a 43 to 45-kd surface glycoprotein with un-
known function and is specifically expressed on DCs,
including peripheral blood DCs, epidermal LCs, and
IDCs.29–31 It is curious that only some of LnDCs of the
first subset were found to be weakly positive for CD83,
because it has been reported that epidermal LCs ex-
press CD83 strongly. The reason for this discrepancy
remains unclear. One possible explanation is that CD83
expression by DCs is temporarily down-regulated during
their migration from the skin to the draining LN.

As shown in this study, cells in the second subset of
LnDCs were strongly positive for CD86 (B7-2), which is
the member of the B7 family of co-stimulatory molecules

expressed on professional accessory cells including
DCs, macrophages, and B cells, and on activated, but
not resting, T cells.14 It has been shown that CD86 and
another member of the B7 family, CD80, are the ligands
for CD28 and CTLA-4 expressed on T cells.14,32–35 It has
also been shown that CD86 expressed by accessory
cells plays a major role as a co-stimulatory molecule in
T-cell activation, and that when T cells are presented
antigens by cells lacking CD86 expression, they fall into
anergy.14,34,35 It therefore seems probable that the sec-
ond subset of LnDCs consists of more functionally mature
and important accessory cells compared to the first sub-
set. Judging from their location, morphology, and immu-
nophenotype, it is clear that they correspond to IDCs.

It is of interest that the LnDCs cultured for 7 days,
which were large CD1dim/CD861/CD831 dendriform
cells forming large complexes with many T cells, were
strikingly similar to the second subset of LnDC in situ. The
electron microscopic observation also indicated that they
mostly fulfilled the ultrastructural criteria for IDCs. The
present finding that a considerable number of CD861

LnDCs could be generated from the LN culture from
which CD861 cells had been removed at the start of the
culture strongly suggests that these changes were not
due to the selective death of CD11/CD862/CD832 or dim

LnDCs but to their morphological and phenotypic matu-
ration during the culture. Similarly, it has been demon-
strated that epidermal LCs with a poor accessory activity
mature into IDC-like dendriform cells with a strong acces-
sory activity.36 We also found that epidermal LCs, which
were initially CD1abright/CD862/CD83dim small cells with
an inconspicuous dendriform morphology, matured into
IDC-like large CD1adim/CD861/CD831 dendriform cells
upon culture in vitro (unpublished data). Taken together,
it is probable that the second subset of LnDCs is derived
from the first subset of LnDCs.

It is unexpected that in the fresh LN suspension the
vast majority of LnDCs detected by flow cytometry cor-
responded to the first subset of immature LnDCs. We
examined axillar LN obtained from patients with breast
cancer by flow cytometry but had no opportunity to ex-
amine those from normal individuals. Therefore, it is un-
clear whether the present findings are normal or abnor-
mal. The present findings that there were many CD1a

1

/
CD862 or dim/CD832 or dim immature LnDCs in the axillar
LN of patients with breast cancer (approximately 1% in
total LN cells), whereas CD1a2/CD861/CD831 IDCs
were scarce, and that the former were able to mature into
the latter upon culture, imply that the maturation of imma-
ture LnDCs into IDCs was inhibited in these patients. The
patients examined in this study underwent a probe bi-
opsy at the tumor site 2 or 3 weeks before the surgical
operation. Therefore, it is also possible that the probe
biopsy and/or inflammation resulting from the biopsy
caused a temporary unusual migration of large numbers
of LCs to the draining axillar LN.

The third subset of LnDCs identified in vivo consisted of
larger CD1abright/CD861/CD831 extremely dendriform
LnDCs occasionally found in T zones showing hyperpla-
sia. They were found in groups and seemed to be similar
to the increased IDCs seen in dermatopathic lymphade-
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nopathy. The strong CD1a expression by the increased
IDCs in dermatopathic lymphadenopathy has been re-
ported.7,8 We suspect that they represent an activated
form of IDCs because of their larger size, extremely den-
driform morphology, and strong expression of CD1a. It
has been shown that GM-CSF up-regulates the acces-
sory function of monocytes/macrophages and that it in-
duces them to express CD1a.37,38 GM-CSF has been
reported to stimulate the accessory function of DCs.39

Therefore, we investigated the effects of GM-CSF and
also IL-10 on cultured LnDCs. We found that GM-CSF
up-regulated the CD1a and CD86 expression by LnDCs
and that it induced them to aggregate with each other
and to form large complexes with themselves and numer-
ous T cells. Thus, cells of the third subset of LnDCs in situ
are similar to GM-CSF-treated LnDCs in vitro. We also
found that IL-1b had similar but inconspicuous effects on
LnDCs (unpublished data). It seems likely that cells of the
third subset of LnDCs represent activated forms of IDCs,
which are probably stimulated by certain immunostimu-
latory cytokines such as GM-CSF and IL-1b secreted by
neighboring activated T cells.

One of the most prominent features of the third subset
of LnDCs is the strong expression of CD1 molecules. In
contrast, the second subset of LnDC (ie, normal IDC) is
negative for CD1 molecules. The human CD1 molecules
including CD1a, CD1b, and CD1c are nonpolymorphic
proteins showing a modest but significant level of homol-
ogy to both major histocompatibility complex class I and
II proteins.40 They are expressed on the majority of DCs41

and on GM-CSF-stimulated monocytes.38 Although the
functional role of CD1 molecules remains unclear, in-
creasing evidence suggests that the CD1 system is a
novel family of antigen-presenting molecules, separate
from those encoded by the major histocompatibility com-
plex, which are engaged in the presentation of nonpep-
tide antigens such as lipid (mycolic acid) and glycolipid
(lipoarabinomannan) to specialized populations of T
cells.42–47 Taken together with the finding that the sec-
ond subset of LnDCs also strongly expressed CD86,
which is the strong co-stimulatory molecule for peptide
antigen presentation, it seems probable that LnDCs of
the second subset are antigen-presenting cells for exclu-
sively peptide antigens, and that LnDCs of the third sub-
set are antigen-presenting cells for both peptide and
nonpeptide antigens. The functional roles of the third
subset of LnDCs should be clarified by further investiga-
tions.

The present findings indicated that GM-CSF improved
the viability of LnDC in vitro. Conversely, IL-10, which is
known to be an immunosuppressive cytokine that inhibits
the accessory function of LCs,48 worsened the viability of
LnDCs, inhibited their morphological maturation, and sig-
nificantly down-regulated their formation of complexes
with T cells. It seems likely that immunosuppression by
IL-10 is partly due to the inhibition of the formation of
LnDC-T complexes.

In this study, we demonstrated that LnDC were differ-
ent from phagocytic macrophages in the extremely
strong expression of HLA-DR, the negativity for CD14,
and the ability to form complexes with T cells. Moreover,

LnDCs were completely nonadherent cells upon culture,
whereas phagocytic macrophages were mostly adher-
ent. These findings suggest that LnDCs are fundamen-
tally different from phagocytic macrophages. It is also
noteworthy that cultured LnDCs retained the morpholog-
ical and immunophenotypic characteristics of IDCs and
formed large complexes with T cells for a long term (at
least for 14 days). In contrast, cultured follicular DCs,
which are DCs of a different lineage located in the ger-
minal center of LNs, have been reported to dedifferenti-
ate into fibroblastic cells, losing their morphological and
phenotypic characteristics soon after forming large com-
plexes with numerous B cells in vitro.49 These findings
indicate that LnDCs are more readily investigated in vitro
than follicular DCs. Further studies should be performed
to clarify the functional roles of DCs in the immune system
and their significance in various inflammatory and neo-
plastic diseases.
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