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Immunohistochemical Discrimination of Plasmacytoid
Dendritic Cells from Myeloid Dendritic Cells in

Human Pathological Tissues

Yuriko Nishikawa,1) Hiaki Sato,1) Takashi Oka,2) Tadashi Yoshino,2) and Kiyoshi Takahashi1)

Until now, no method has been available to discriminate mature plasmacytoid DC (pDC) from myeloid DC (mDC)

immunohistochemically. In this study, we report that these DC-subsets can be distinguished in routine pathological sections.

Immature and mature monocyte-derived DCs (MoDCs) were S100 calcium binding protein B (S100B)+, while pDCs generated

from pDC-precursors were S100B- . In contrast, both mature MoDC and pDC were fascin+. Epidermal Langerhans cells (LCs)

were S100B+/fascin-. Although the majority of DCs were S100B+/fascin+ in the dermis with nonspecific inflammation, dermal

DCs were mostly S100B-/fascin+ in psoriasis vulgaris, in which type I interferon secreted by pDC-precursors is thought to play a

major role. S100B+/fascin+ DCs were accumulated in the superficial lymph node (LN), while they were scarce in the deep LN.

In the superficial LN with dermatopathic lymphadenitis, a large number of S100B+/fascin+ DCs were accumulated in the T-

zones, where numerous LC-derived DCs are accumulated. In contrast, almost all DCs were S100B-/fascin+ in the superficial LN

with Kikuchi’s lymphadenitis, in which numerous pDC-precursors are known to be present. In contrast to the superficial LN, the

deep LN contained numerous S100B-/fascin+ DCs and a few S100B+ DCs. Thus, the distributions of S100B+ DC or S100B-/

fascin+ DC correspond to the putative distribution of mDC or mature pDC, respectively. 〔J Clin Exp Hematopathol 49(1) :

23-31, 2009〕
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INTRODUCTION

Dendritic cells (DCs) are specialized cells that bridge the

innate and the adaptive immune systems and act as antigen-

presenting cells with the capacity to initiate primary T-cell

responses and to efficiently stimulate memory responses.1- 3

It has been generally accepted that DCs are heterogeneous in

origin and classified into two major subsets, myeloid DC

(mDC) and plasmacytoid DC (pDC), and that there are signif-

icant differences in functional role between these DC-

subsets.4,5

mDCs originate from myeloid progenitors that are onto-

genically closely related to the monocyte/macrophage-

lineage.4,5 Immature mDCs have a strong activity to capture

foreign antigens and a weak or absent ability to stimulate

primary T-cells, and are distributed throughout the peripheral

tissues except for the brain.4,6 After catching a foreign anti-

gen, immature mDCs migrate to the T-zone of a lymph node

(LN) via lymphatics, where they differentiate into mature

DCs, which are generally called interdigitating cells, with a

strong ability to stimulate naïve T-cells and to present the

processed antigen to T-cells to initiate the T-cell-mediated

immune response to the antigen.4,6 Langerhans cells (LC) in

the skin are one of the major representative types of mDC.7

On the other hand, pDCs originate from pDC-precursors in

the peripheral blood, which display plasmacytoid appearance

and express Toll-like receptor (TLR)- 7 and TLR- 9, that rec-

ognize viral single-stranded RNA or bacterial and viral non-

methylated CpG DNA, respectively.8- 11 It has been suggested

that pDC-precursors directly enter the T-zone of inflamed

lymphoid tissues through high endothelial venules (HEVs),

and mature into interdigitating cells after secreting a large

amount of type-I interferon upon stimulation with bacteria or

viruses through these TLR.12,13

It has been also reported that the occurrence of mDCs and

pDCs in LNs is different in different types of lymphadenitis.

For example, a large number of LC-derived mature DCs (i.e.,

interdigitating cells) are accumulated in the paracortical area

in dermatopathic lymphadenitis (DPL).14 Numerous pDC-
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precursors have been reported to be present in Kikuchi’ s

lymphadenitis (KL ; histiocytic necrotizing lymphadenitis),

suggesting the presence of a large number of pDCs in KL.15,16

Thus, mDCs and pDCs are largely different from each other

in origin, in function, and in distribution, but no method has

been available to distinguish these two subsets immunohisto-

chemically.

In routine human formalin-fixed, paraffin-embedded sec-

tions, S100 calcium-binding protein B (S100B) and fascin are

well-known general histochemical markers for DCs.17- 19

However, we recently found that the distribution of S100B+

DCs is largely different from that of fascin+ DCs (unpublished

observations). Our preliminary data suggested that such dif-

ferences could reflect the distributional difference between

mDCs and pDCs.

In the present study, we demonstrate that S100B is ex-

pressed in experimentally-induced mDCs but not in

experimentally-induced pDCs, while fascin is expressed in

mature DCs of both subsets. In this study, we precisely

investigate DCs immunohistochemically in human formalin-

fixed, paraffin-embedded tissue-sections by two-color immu-

nofluorescence microscopy for S100B and fascin. The results

strongly suggest that this method makes it possible to discrim-

inate pDCs from mDCs in human routine pathologic tissue-

sections.

MATERIALS AND METHODS

Antibodies

We used nonconjugated mouse monoclonal antibodies

(mmAb) to human antigens, that included anti-CD1a, anti-

CD3, anti-CD4, anti-CD8, anti-fascin, anti-CD123a, anti-

HLA-DR (Dako Cytomation, Carpinteria, CA), and anti-

Langerin (Monosan, Sanbio, Uden, Netherlands), and rabbit

polyclonal antibody to S100B20 and to lysozyme (Dako

Cytomation). We also used biotin-conjugated mmAb to hu-

man CD123a (BD Pharmingen, San Diego, CA), fluorescein

isothiocyanate (FITC)-conjugated mmAb including anti-

HLA-DR (Becton Dickinson, San Jose, CA) and anti-CD86

(BD Pharmingen), and phycoerythrin (PE)-conjugated mmAb

including anti-BDCA2 (Miltenyi Biotec, Bergisch Gladbach,

Germany), anti-CD3 (Becton Dickinson), anti-CD4 (Becton

Dickinson), anti-CD86 (Becton Dickinson) and anti-HLA-

DR (Becton Dickinson).

Preparation of cells

1) pDC-precursors

In order to generate mature pDCs experimentally, pDC-

precursors were isolated from the human tonsil by a method

modified from one described previously.21 Briefly, a human

tonsil obtained from a patient with chronic tonsillitis was cut

into 2-mm3 cubes, and a single-cell suspension was obtained

by gentle pressure with a glass homogenizer. After the re-

moval of dead cells and erythrocytes by Ficoll-Hypaque den-

sity gradient centrifugation, cells were suspended in

RPMI1640 (Nissui, Tokyo, Japan) containing 10% fetal calf

serum (FCS), penicillin-streptomycin (10 mg/L, Gibco Life

Technologies GmbH, Karlsruhe, Germany) and kanamycin

sulfate (60 mg/L, Meiji, Tokyo, Japan) (complete RPMI1640).

The fresh tonsillar-cell suspension (108 /mL) was incu-

bated with biotin-conjugated mmAb to CD123a (20 mg/mL)

for 30 min on ice. The cells were then washed with

phosphate-buffered saline (PBS) containing 2% FCS, and

incubated with FITC-conjugated streptavidin (50 mg/mL) and

PE-conjugated anti-BDCA2 (20 mg/mL) for 30 min on ice.

After being washed in PBS containing 2% FCS, the cells were

resuspended in RPMI1640 containing 2% FCS (1 mL).

CD123a+ BDCA2+ pDC-precursors were sorted by FACS

Aria (BD Biosciences, San Jose, CA), and suspended in com-

plete RPMI1640.

2) pDC

pDCs were generated from purified CD123a+ BDCA2+

pDC-precursors by the modified method described

previously.22 Briefly, pDC-precursors were incubated in

complete RPMI1640 in the presence of recombinant human

interleukin (IL)-3 (50 ng/mL ; R&D Systems, Abingdon,

UK) and CD40-ligand (CD40L) recombinant protein (50 ng/

mL ; GenWay Biotech, San Diego, CA) for 3 days at 37°C in

5% CO2 and humidified air.

3) Monocyte-derived DCs (MoDCs)

MoDCs were generated from peripheral blood monocytes

purified as described previously.23 Immature MoDCs were

generated by treatment of monocytes with human recombi-

nant granulocyte-macrophage colony-stimulating factor (100

ng/mL ; PEPRO TECH EC LTD, London, UK) and IL-4 (20

ng/mL ; R&D systems) for 6 days. Mature MoDCs were

generated by stimulation of immature MoDCs with tumor

necrosis factor-a (20 ng/mL, PEPRO TECH EC LTD) and

CD40L recombinant protein (50 ng/mL) for 4 days. LC-type

MoDCs were generated by treatment of monocytes with

granulocyte-macrophage colony-stimulating factor (100 ng/

mL), IL-4 (20 ng/mL), and transforming growth factor-b (50

ng/mL, PEPRO TECH EC LTD) for 6 days as described

previously.24

4) Mesenteric lymph nodal cells

A suspension of nonadherent mononuclear leukocytes was

obtained from mesenteric LNs from patients with colon can-

cer without cancer-metastasis as described above. The leuko-

cyte mixture was cultured in complete RPMI1640 for 3 days

at 37°C in 5% CO2 and humidified air.
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Flow cytometric analysis

The pDCs and MoDCs were analyzed by flow cytometry.

Cells were stained with rabbit polyclonal anti-S100B and

mouse monoclonal anti-fascin. Rabbit polyclonal antibody

was detected by FITC-conjugated goat anti-rabbit IgG

(Jackson ImmunoResearch Laboratories, West Grove, PA),

and mmAbs ware detected by PE-conjugated donkey F(ab’)2
fragment to mouse IgG (Jackson ImmunoResearch

Laboratories). For detection of the intracellular proteins

S100B and fascin, the IntraPrep Permeabilization Reagent

(Immunotech SAS a Beckman Coulter Company, Marseille,

France) was used according to the manufacturer’s instruc-

tions. The cells were treated with anti- S100B (20 mg/mL)

and anti-fascin (20 mg/mL) and then incubated for 30 min on

ice. After washing, the cells were incubated with FITC-

conjugated goat anti-rabbit IgG (10 mg/mL) and PE-

conjugated donkey F(ab’)2 fragment to mouse IgG (10 mg/

mL) for 30 min on ice. The cells were then washed and fixed

in 4% formaldehyde. They were analyzed by flow cytometry.

Tissue preparation

Skin tissues were obtained from 3 patients with solar

keratosis and 3 patients with psoriasis vulgaris. Skin-

draining LNs without pathological changes were obtained

from a patient with skin malignant melanoma. Mesenteric

LNs without pathological changes were obtained from a pa-

tient with colon cancer. Superficial LNs from 5 cases of DPL

and 5 cases of KL were also examined. Tissues were rou-

tinely fixed with 10% formalin and embedded in paraffin, and

4-mm sections were examined immunohistochemically.

Immunochemistry

1) Pretreatment

Cultured cells were smeared on glass slides with a

Cytospin (Sakura, Tokyo, Japan) and immediately fixed with

4% paraformaldehyde solution for 5 min, washed with PBS,

and air-dried. Smeared cells were examined by two-color

immunofluorescence microscopy as described below. Some

smeared cells were stained with Giemsa. Dewaxed paraffin

sections were immersed in citrate buffer (0.01 mol/L citrate,

pH6.0), microwaved for 15 min at 600 W, and then cooled at

room temperature for 60 min. All preparations were im-

mersed in 10% normal goat serum for 30 min to block non-

specific staining.

2) Two-color enzyme immunohistochemistry

To simultaneously detect two different antigens in tissue-

preparations with mmAbs, we performed two-color enzyme

immunohistochemistry by using immunoperoxidase and

immunoalkaline-phosphatase methods. The immunoperoxi-

dase method was performed by using DAKO Envision

System Peroxidase (Dako Cytomation) as described

previously.25 After immunoperoxidase staining for the first

antigen, sections were washed with PBS, immersed in citrate

buffer, and microwaved for 15 min at 600 W. Sections were

then rinsed with PBS and incubated with mmAb to a second

antigen at 4°C overnight. After washing with PBS, sections

were stained by immunoalkaline phosphatase methods using

Dako Cytomation LSAB+ System-AP (Dako Cytomation)

according to the manufacturer’s instructions.

3) Two-color immunofluorescence microscopy

Smeared cells or microwaved paraffin sections were

treated with both rabbit polyclonal antibody to S100B or

lysozyme and mmAb to fascin, CD1a, CD3, CD4, CD8 or

Langerin at 4°C overnight. After washing with PBS, the

sections were incubated with FITC-conjugated goat anti-

rabbit IgG (10 mg/mL) and PE-conjugated donkey F(ab’)2
fragment to mouse IgG (10 mg/mL) at 4°C overnight. Some

smeared cells were treated simultaneously with FITC-

conjugated mmAb and PE-conjugated mmAb at optimal con-

centrations at 4°C overnight. After washing with PBS, the

preparations were immersed in fluorescent mounting medium

(Dako Cytomation) and examined with a LSM 510 confocal

laser scanning microscope (Carl Zeiss, Tokyo, Japan).

RESULTS

Experimentally induced DCs

1) pDCs

As shown in Fig. 1a, pDC-precursors formed a distinctive

small subpopulation of CD123a+ BDCA2+ leukocytes, which

comprised approximately 0.8% of the whole leukocytes of the

palatine tonsil. The CD123a+ BDCA2+ pDC-precursors were

morphologically small, round cells with a clear juxtanuclear

Golgi zone exhibiting a plasmacytoid appearance (Fig. 2a).

They were negative for S100B and fascin. When they were

induced to differentiate into mature DCs by treatment with

CD40L and IL-3 for 3 days, they become larger dendriform

cells extending fine dendrites (Fig. 2b). Two-dimensional

flow-cytometric analysis for S100B and fascin indicated that

these DC became positive for fascin, but continued to be

negative for S100B (Fig. 1b). Two-color immunofluores-

cence microscopy also consistently indicated that they were

S100B- /fascin+ (Fig. 2c), S100B- /HLA-DR+ (Fig. 2d), and

HLA-DR+/CD86+ (Fig. 2e). Their expression of CD123a and

BDCA2 was significantly down-regulated (Fig. 2f). Thus, we

concluded that mature pDCs can be detected as S100B-/

fascin+ DCs by two-color immunofluorescence microscopy

for S100B and fascin, although they can hardly be detected by

CD123a and/or BDCA2.
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2) mDCs

mDCs were experimentally induced from peripheral blood

monocytes. Three types of MoDC were induced : immature

MoDCs, LC-type MoDCs, and mature MoDCs. Single-

dimensional flow-cytometric analysis indicated that all

three types of MoDC were became positive for S100B and

that there was no significant difference in S100B-

immunoreactivity among them (Fig. 1c). Although immature

and LC-type MoDCs were weakly positive for fascin, the
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Fig. 1. Flow cytometric analysis of experimentally induced dendritic cells (DC). (1a) Two-dimensional flow

cytometric analysis of plasmacytoid DC (pDC)-precursor for CD123a and BDCA2. CD123a+ BDCA2+ pDC-

precursors comprised approximately 0.8% of whole leukocytes of the palatine tonsil. (1b) Two-dimensional flow

cytometric analysis of experimentally induced mature pDC for S100 calcium binding protein B (S100B) and fascin.

Mature pDC are S100B- /fascin+ . (1c) Single-dimensional flow cytometric analysis of monocyte-derived DC

(MoDC) for S100B. All three types of MoDC, immature, Langerhans cell (LC)-type, and mature MoDC are

positive for S100B, and there is no significant difference in S100B-immunoreactivity among these three types of

MoDC. (1d) Single-dimensional flow cytometric analysis of MoDC for fascin. Immature and LC-type MoDC are

weakly positive for fascin, but the fascin-expression of mature MoDC is significantly upregulated.



expression of fascin was significantly upregulated in mature

MoDCs (Fig. 1d). Two-color immunofluorescence micro-

scopy for S100B. and fascin consistently indicated that mature

MoDCs were positive for S100B and fascin, while fresh

monocytes were negative for both antigens (Fig. 2g, 2h).

Tissue-DC in situ

1) Epidermis

Epidermal LCs were identified as dendriform cells located

in the suprabasal layer of the epidermis. Two-color immuno-

fluorescence microscopy indicated that they were uniformly

positive for S100B, HLA-DR, CD1a and Langerin, but nega-

tive for fascin (Fig. 3a).

2) Dermis

DCs were scarcely detected in the uninflamed dermis.

However, a considerable number of DCs were detected in the

inflamed dermis. We examined 2 different types of dermati-

tis, nonspecific dermatitis associated with solar keratosis and

dermatitis associated with psoriasis vulgaris. Two-color im-

munofluorescence microscopy for S100B and fascin indicated

that there were three types of DC (i.e., S100B+/fascin- DC,

S100B+/fascin+ DC, and S100B-/fascin+ DC) in the inflamed

dermis. In nonspecific inflammation associated with solar

keratosis, the majority of dermal DCs were S100B+ DC

(S100B+/fascin- and S100B+/fascin+ ), while S100B- /fascin+

DCs were scarce (Fig. 3b). In contrast, almost all dermal

DCs were S100B-/fascin+ in psoriasis vulgaris (Fig. 3c).

3) Superficial LNs

a. Skin-draining LNs

Two-color immunofluorescence microscopy for S100B

and fascin indicated that a considerable number of DCs were

present in the T-cell areas of the skin-draining LNs and that

the majority of them were S100B+/fascin+ (Fig. 3d). There

were also relatively small numbers of S100B+ /fascin- and

S100B-/fascin+ DCs. CD1a and Langerin were detected on

S100B+ DCs, but not on fascin+ DCs, indicating that these

LC-associated molecules were expressed exclusively on

S100B+/fascin- DCs (Fig. 3e). Interestingly, S100B-/fascin+

DCs tended to be distributed around the HEVs (Fig. 3f).
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Fig. 2. Morphological analysis of experimentally induced dendritic cells (DC). (2a) Plasmacytoid dendritic cell

(pDC)-precursors from the palatine tonsil exhibiting plasmacytoid appearance ; Giemsa staining. (2b) Mature

pDCs induced by treatment with interleukin- 3 and CD40L exhibiting extensively dendritic appearance ; Giemsa

staining. (2c-2e) Two-color immunofluorescence analysis of experimentally induced pDCs for S100 calcium

binding protein B [S100B ; fluorescein isothiocyanate (FITC)] and fascin [phycoerythrin (PE)] (2c), S100B

(FITC) and HLA-DR (PE) (2d), and HLA-DR (FITC) and CD86 (PE) (2e). pDCs are S100B- fascin+ HLA-DR+

and CD86+. (2f) Two color immunofluorescence analysis of pDC for CD123a (FITC) and BDCA2 (PE) counter-

stained with differential interference contrast microscopy. Mature pDCs are almost negative for either antigen.

(2g) Two-color immunofluorescence analysis of control monocytes for S100B (FITC) and fascin (PE) counter-

stained with differential interference contrast microscopy. Note that control monocytes are completely negative

for S100B and fascin. (2h) Two-color immunofluorescence analysis of control monocytes for S100B (FITC) and

fascin (PE). Mature monocyte-derived DC are S100B+/fascin+ (yellow). Every scale bar indicates 20 mm.
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Fig. 3. Two-color immunohistochemical analysis for tissue-dendritic cells (DC). (3a-3c) Two-color

immunofluorescence microscopy for S100 calcium binding protein B [S100B ; fluorescein isothiocyanate

(FITC)] and fascin [phycoerythrin (PE)] of the skin. Epidermal Langerhans cells are S100B+/fascin-

(green) (3a). The majority of dermal DC in nonspecific dermatitis are S100B+ (green or yellow) (3b),

while almost all dermal DC in psoriasis vulgaris are S100B-/fascin+ (3c). (3d) Two-color immunohisto-

chemical analysis of the skin-draining lymph nodes (LN) for S100B (FITC) and fascin (PE). Note that

the majority of DC are S100B+/fascin+ (yellow). (3e) Two-color enzyme immunohistochemical analysis

of the skin-draining LN for CD1a (brown) and fascin (red). Note that CD1a is expressed fascin- DC. (3f)

Two-color immunohistochemical analysis of the skin-draining LN for S100B (FITC) and fascin (PE).

Note that S100B-/fascin+ DC (red) tend to be present around high endothelial venule. (3g) Two-color

immunohistochemical analysis of dermatopathic lymphadenitis (DPL) for S100B (FITC) and fascin (PE).

Almost all DC accumulated in the paracortical area are S100B+/fascin+ in DPL (yellow). (3h) Two-color

immunohistochemical analysis of DPL for CD1a (brown) and fascin (red). Note that CD1a is expressed

on fascin+ DC. (3i) Two-color immunofluorescence analysis of Kikuchis lymphadenitis (KL) for S100B

(FITC) and fascin (PE). Note that almost all DC in KL are S100B-/fascin+ (red). Note numerous S100B-

cells with lymphoid appearance (green) forming complexes with S100B- /fascin+ DC. (3j) Two-color

immunofluorescence analysis of KL for S100B (FITC) and CD8 (PE). Note that S100B+ lymphoid cells

are CD8+. (3k) Two-color immunofluorescence analysis of the mesenteric LN for S100B (FITC) and

fascin (PE). Note numerous S100B-/fascin+ DC (red) and a small number of S100B+/fascin- DC (green)

and S100B+/fascin+ DC (yellow). (3l) Two-color enzyme immunohistochemistry of the mesenteric LN for

fascin (brown) and HLA-DR (red). Note that fascin+ dendriform cells are positive for HLA-DR. (3m)

Two-color immunofluorescence analysis of the mesenteric LN for fascin (FITC) and lysozyme (PE).

Note fascin+ dendriform cells (green) are negative for lysozyme. (3n-3p) Two-color immunofluorescence

analysis of cultured mesenteric LN-cells for HLA-DR (FITC) and CD3 (PE) (3n), CD86 (FITC) and CD4

(PE) (3o), and S100B (FITC) and fascin (PE) (3p). Note that cultured DC from the mesenteric LN form

large complex with CD3+CD4+ T-cells and are mostly S100B- /fascin+. Every bar indicates 20 mm.



b. DPL

Two-color immunofluorescence microscopy for S100B

and fascin indicated that the vast majority of DCs were

S100B+/fascin+ (Fig. 3g). In contrast to normal skin-draining

LNs, CD1a or Langerin was detected on not only S100B+

DCs but also fascin+ DCs in DPL, indicating that these LC-

associated antigens were expressed on S100B+/fascin+ DCs in

DPL (Fig. 3h).

c. KL

Two-color immunofluorescence microscopy for S100B

and fascin indicated that almost all DCs in KL were S100B-

/fascin+ (Fig. 3l). Interestingly, instead of S100B+ DCs, nu-

merous S100B+ small lymphoid cells were detected around

S100B- /fascin+ DCs. S100B+ /fascin- small lymphoid cells

often formed complexes with S100B- /fascin+ DCs. Two-

color fluorescence microscopy for S100B and CD3 or CD8

indicated that S100B+ small lymphoid cells were CD3+CD8+

T cells (Fig. 3j). Thus, S100B+ DCs were scarcely detected in

KL.

d. Deep LNs

We also examined mesenteric LNs as deep LNs. Two-

color immunofluorescence microscopy for S100B and fascin

indicated that there were numerous DCs in the mesenteric

LNs, and that the vast majority of them were S100B-/fascin+

(Fig. 3k). These S100B-/fascin+ DCs were large, extensively

dendriform cells extending fine dendrites. Two-color enzyme

immunostaining for fascin and HLA-DR or lysozyme indi-

cated that these fascin+ dendriform cells were positive for

HLA-DR but negative for lysozyme (Fig. 3l, 3m).

A small number of S100B/fascin+ DCs with a dendritic

appearance were detected in the T-cell areas. In contrast,

S100B+/fascin- DCs, which were also detected in the T-cell

areas in a small number, tended to be smaller and less den-

dritic than fascin+ DCs.

Cultured DCs from the mesenteric LNs

Cultured cells obtained from the mesenteric LNs were

examined by two-color immunofluorescence microscopy.

DCs were clearly detected as HLA-DRhiCD86+ extensively

dendriform cells forming complexes with numerous CD3+

CD4+ T cells (Fig. 3n, 3o). Two-color immunofluorescence

microscopy for S100B and fascin indicated that almost all

DCs in the mesenteric LN-cultures were S100B- /fascin+ (Fig.

3p).

DISCUSSION

The mDCs and pDCs serve their own roles in immunity

and cooperate to remove exogenous pathogens. When certain

exogenous pathogens, such as bacteria and viruses, invade

peripheral tissues, the residing immature mDCs are recruited

to the inflamed sites, where they capture the exogenous patho-

gen and then migrate to the draining LN.1- 3,6 The immature

mDCs then undergo full maturation and present peptide-

MHC-class II or peptide-MHC-class I complexes to naïve T

cells, thereby inducing the immune response to the exogenous

pathogen.1- 3,6 On the other hand, pDC-precursors in the pe-

ripheral blood, which lack phagocytic activity to exogenous

pathogens, directly enter the T-zones of inflamed lymphoid

tissues via HEV.8- 12 The pDC-precursors produce a large

amount of type I interferon, upon stimulation with single-

stranded viral RNA or bacterial/viral non-methylated CpG

DNA through TLR7 or TLR9, to stimulate mDC-mediated

immune responses to the exogenous pathogens. Then, the

pDC-precursors differentiate into mature DCs (i.e., pDCs) to

regulate the immunological reaction to the pathogen.8- 11

Little is known about the functional role of pDCs in the

immune system.

The behaviors of pDCs should be examined to gain a

better understanding of their role in the immune system.

However, no immunohistochemical method has previously

been available to distinguish pDCs from mDCs. Although

several antigens, such as CD123a and BDCA2, are specific

for pDC-precursors, these antigens are usually absent from

the surface of mature pDCs.21 Therefore, although the distri-

bution of pDC-precursors in peripheral tissues has been exam-

ined, the distribution of mature pDCs remains unknown.

Thus, we have attempted to establish an immunohistochemi-

cal method to distinguish human pDCs from mDCs in routine,

formalin-fixed, paraffin-embedded tissue sections.

Both S100B and fascin have been used as general DC-

markers in routine, formalin-fixed, paraffin-embedded tissue-

sections from humans.17- 19 However, we recently found that

the distribution of S100B+ DCs is largely different from that

of fascin+ DCs in human tissues.25 In this study, we found

that epidermal LC and mature LC-derived DCs (interdigitat-

ing cells) are positive for S100B and that there are few

S100B+ DCs, despite the presence of numerous fascin+ DCs

in KL, in which numerous pDC-precursors have been re-

ported to be present. These results suggest that S100B is a

marker for mDCs but not for pDCs. LCs isolated from the

epidermis are initially negative for fascin but acquire

this molecule during morphological maturation in vitro.26

Additionally, the expression of fascin in DCs has been corre-

lated with their dendritic morphological maturation.27 These

findings strongly suggest that fascin is a marker for mature

DCs in common with mDCs and pDCs.

To confirm this idea, we experimentally induced mDCs

from blood monocytes and pDCs from pDC-precursors iso-

lated from the palatine tonsil, and then we immunocytochemi-

cally examined these cells. We found that both immature and

mature MoDCs were strongly positive for S100B. Although

immature MoDCs were weakly positive for fascin, the fascin
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expression by mature MoDCs were significantly upregulated.

Although LCs in situ are completely negative for fascin, LC-

type MoDCs were weakly positive for fascin. This discrep-

ancy may indicate that LC-type MoDCs are to some extent

more mature than LCs in situ.

We found that CD123a+ BDCA2+ pDC-precursors puri-

fied from the palatine tonsil had a plasmacytoid appearance

and were negative for S100B and fascin and that they were

converted to S100B-/fascin+ mature DCs upon stimulation

with IL- 3 and CD40L. These results clearly indicate that

S100B is not a marker for pDCs, whereas fascin is a marker

for pDCs. This finding strongly suggests that pDCs can be

distinguished from mDCs by the absence of S100B. Because

both S100B and fascin can be easily detected immunohisto-

chemically in formalin-fixed, paraffin-embedded tissue sec-

tions, we expected that double immunostaining for S S100B

and fascin would distinguish pDCs from mDCs in routine

pathological sections.

The present finding that LCs in the epidermis were uni-

formly S100B+/fascin- is consistent with the fact that LCs are

immature mDCs. Although DCs were scarcely detected in

uninflamed dermis, a considerable number of them were de-

tected in inflamed dermis. The present findings that dermal

DCs were classified into S100B+/fascin- DCs, S100B+/fascin+

DCs, and S100B-/fascin+ DCs suggests that both immature

and mature mDCs and pDCs are present in the inflamed

dermis. Consistent with this idea, the presence of pDC-

precursors in the inflamed dermis has been reported

previously.28 We supposed that a large number of pDCs are

present in the dermis with psoriasis vulgaris, because numer-

ous pDC-precursors are distributed in the dermis with psoria-

sis vulgaris, and an excess amount of type I interferon se-

creted by pDC-precursors in the dermis is responsible for the

pathogenesis of psoriasis vulgaris.29 Consistent with this sup-

position, we detected a large number of S100B-/fascin+ DCs

in the dermis with psoriasis vulgaris. In contrast, a relatively

small numbers of S100B-/fascin+ DCs were detected in the

dermis with nonspecific inflammation associated with solar

keratosis.

The present finding that the majority of DCs were

S100B+/fascin+ in the skin-draining LNs may indicate that

LCs are major sources of DCs in the superficial LN. Our

finding that a large number of S100B+ /fascin+ DCs were

accumulated in the paracortical areas of the LNs, combined

with the fact that epidermal LCs are a major source of DCs in

superficial LN is consistent with the fact that numerous LC-

derived DCs are accumulated in DPL.14 Interestingly,

although CD1a and Langerin were detected exclusively on

immature LC-derived DCs (i.e., S100B+/fascin- DCs) in nor-

mal skin-draining LN, these antigens were detected on

S100B+/fascin+ DCs in DPL. These findings are consistent

with our previous findings that LC-derived DCs in DPL were

specifically activated.30

A large number of pDC-precursors are present in the

superficial LN with KL.15,16 KL is a rare, benign and self-

limiting disorder that characteristically presents with fever

and cervical lymphadenopathy.15 Numerous pDC-precursors

are present in the T-cell area around the granuloma,15,16 sug-

gesting that a large number of pDCs are present in KL.

Consistently, almost all DCs detected in KL were S100B-/

fascin+ DCs, while S100B+ DCs were scarcely detected.

Instead of S100B+ DCs, there were large numbers of S100B+

CD3+CD8+ T-cells. This is consistent with the fact that CD8+

T-cells are significantly increased in KL.15 These S100B+ T-

cells formed complexes with S100B- /fascin+ DCs. In addi-

tion, we detected a large number of FoxP3+ regulatory T-cells

forming complexes with S100B- /fascin+ DCs (data not

shown). These findings suggest that pDCs have an immuno-

regulatory function in KL. In the present study, we detected

numerous S100B-/fascin+ DCs and only a small number of

S100B+ DCs in deep LNs. We have usually used S100B. by

itself as a marker for DCs until recently ; thus, these findings

were quite unexpected. The findings that these S100B-/

fascin+ DCs in deep LNs were large, extensively dendriform

cells negative for lysozyme and positive for HLA-DR

strongly suggest that they are not macrophages but true DCs.

Moreover, the findings that these S100B- /fascin+ DCs

strongly expressed HLA-DR and CD86 and formed large

complexes with CD3+CD4+ T-cells confirm that S100B- /

fascin+ DCs in deep LNs are mature DCs. Therefore, it is

probable that the vast majority of DCs in deep LN are not

mDCs but pDCs. It seems likely that pDC-precursors directly

enter the T-zone of the deep LNs from the peripheral blood

and mature into pDCs. We also detected a small number of

S100B+ DCs in deep LNs. We believe that they are mDCs

that may originate from immature mDCs distributed in the

peripheral tissues such as the mucosa of the gastrointestinal

tract. The fact that they were small in number suggests that

the presentation of foreign antigens by mDCs is usually inac-

tive in the gastrointestinal system.

In conclusion, we found that double immunostaining for

S100B and fascin seems to be very useful to immunohisto-

chemically distinguish pDCs from mDCs in routine patholog-

ical sections. We believe that this method will yield new

information about DC-mediated immunity.
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