
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Initiation and regulation of specific immune responses by keratinocytes and
dendritic cells. Role of cytokines and chemokines linking innate and specific
immunity

Lebre, M.C.G.M.

Publication date
2003

Link to publication

Citation for published version (APA):
Lebre, M. C. G. M. (2003). Initiation and regulation of specific immune responses by
keratinocytes and dendritic cells. Role of cytokines and chemokines linking innate and
specific immunity. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/initiation-and-regulation-of-specific-immune-responses-by-keratinocytes-and-dendritic-cells-role-of-cytokines-and-chemokines-linking-innate-and-specific-immunity(04a1351d-a570-4287-b1fd-e052d5a80b86).html


CHAPTERR 6 

Reducedd production of bioactive IL-12 and 
IFN-aa by peripheral blood dendritic cells in 

atopicc dermatitis patients 

M.. Cristina Lebreu, Folkert A. Blok2, Toni M.M. van Capel1, Jan D. Bos2, Edward F. 
Kno)\\ Martien L. Kapsenberg1-2 and Esther C. de Jong12 

'Departmentt of Cell Biology and Histology, department of Dermatology, Academic 
Medicall  Center, University of Amsterdam, Amsterdam, The Netherlands. 

departmentt of Dermatology and Allergology, University Medical Centre Utrecht, 
Utrecht,, The Netherlands 

ManuscriptManuscript in preparation 



Chapterr 6 

ABSTRACT T 

Atopicc dermatitis (AD) is a chronic inflammatory skin disorder associated with a generalized 

biass of Th2 cells producing the cytokines IL-4, IL-5 and IL-13. As the Thl/Th2 balance 

dependss on signals provided by dendritic cells (DC) we questioned whether circulating DC in 

ADD patients, compared to DC from healthy controls, differ in their phenotype and function. 

Purifiedd BDCA1 myeloid DC from AD patients showed a selective and dramatic reduction 

off  IL-12p70 release, a cytokine that promotes the development of Thl cells. Message 

(m)RNAA analysis indicated that the decreased ability of BDCA1+ DC to produce IL-12p70 is 

likelyy to be due to a defective expression of both IL-12p35 and IL-12p40 subunits. 

Accordingly,, even after maturation in the presence of an extremely potent Thl stimulus 

(doublee stranded (ds)RNA plus IFN-y), BDCA1+ DC from AD patients induced considerably 

lesss IFN-y-producing Th cells, compared to BDCA1' DC from healthy controls. This reduced 

capacityy of BDCA1' DC could neither be attributed to a deficiency in the expression of class 

Itt MHC or costimulatory molecules nor to a reduced capacity of these cells to induce T cell 

proliferation.. Moreover, analysis of peripheral blood BDCA4+ plasmacytoid DC from AD 

patientss demonstrated that BDCA4+ DC produce significantly lower levels of IFN-cc, which is 

essentiall  in natural immunity to virus and bacterial infections. The defective IL-12 and IFN-

aa production by DC may contribute to the maintenance of the allergic state in AD patients, as 

welll  as their increased susceptibility to skin infections with pathogens that require protective 

IFN-aa and Thl cell responses. 

INTRODUCTION N 

Atopicc dermatitis (AD) is a eczematous skin disease that is characterized by elevated levels of 

totall  and antigen-specific IgE and IgG4, by increased numbers of blood eosinophils, increased 

numberss of Langerhans cells (LC) and T cells in lesional skin.1" AD has been associated with 

thee activation of peripheral blood T cells that secrete T helper (Th) type 2 (Th2) cytokines 

(IL-4,, IL-5 and IL-13) favoring the differentiation of eosinophilic granulocytes and 

supportingg the production of high amounts of IgE. " In addition, a biphasic model for AD 

skinn has been proposed, in this model a shift from a Th2 type response in the initiation phase 

too a Thl/ThO response in the late and chronic phase (when IFN-y production predominates) is 

observed.'' A major issue of current study is the definition of molecular and histophysiological 

mechanismss underlying the preferential development of Th2 cells in AD, taking into account 

112 2 
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thatt the development of a particular Th response is mediated by signals derived from antigen 

presentingg cells (APC). 

Dendriticc cells (DC) are professional APC that have a central role in the initiation and 

regulationn of immune responses both in lymphoid and non-lymphoid tissues. There is 

howeverr considerable intra- and inter-tissue variation in the phenotype, morphology, function, 

andd tissue localization of different DC populations.4 Human blood DC have been recently 

dividedd into five distinct subsets, CDlb/c\ CD16\ BDCA3f, CD123+ and CD34' DC.5 In 

particular,, the so-called myeloid DC (mDC) which are 

CDlc4(BDCAl)CDllc+CD45RO+CD123,oww (IL-3R a-chain) have the ability to produce IL-

122 in response to bacterial compounds or CD40L, and require GM-CSF for survival.6 

Conversely,, plasmacytoid DC (PDC) are BDCA4~CD 11 c CD45RA+CD123h,gh and require the 

presencee of IL-3 for survival.7,8 Upon herpes or influenza virus infection, PDC, but not the 

mDC,, produce high amounts of type 1 IFNs, IFN-a and IFN-(3.9!0 These cells are of major 

importancee during viral infections, when they are massively recruited to the site of infection 

andd serve as an important source of antiviral type I IFNs." Host defense molecules such as 

typee I IFNs play a vital role in innate resistance to a wide variety of infectious agents through 

thee induction of direct, cell-autonomous resistance to viral and microbial pathogens.12 In 

addition,, type I IFNs have been increasingly recognized as essential early warning molecules 

signalingg the presence of pathogens, providing a pivotal function at the interface between 

innatee and adaptive responses.12 

Althoughh it has been described that IFN-a therapy decreases IL-4-mediated IgE synthesis 

inn AD patients' '14 it remains to be established whether IFN-a production levels in AD 

patientss are similar or not compared to healthy controls. 

Thee production of IL-12 by DC, triggered by their exposure to microbial products or their 

interactionn with activated T cells, is known to play a critical role in the induction of Thl-

mediatedd immune responses.15 Bioactive IL-12 is a heterodimeric cytokine composed of two 

subunits,, p35 and p40, encoded by different genes. Both subunits must be expressed in the 

samee cell to generate the bioactive form, p70, of the cytokine.16 The notion that dysregulated 

IL-122 levels may be important in allergy is supported by several studies of human asthmatic 

andd AD patients. It was demonstrated that the number of IL-12p40-expressing cells in 

bronchiall  biopsy specimens from allergic asthmatics was significantly less then that found in 

thee lungs of normal control subjects.17 Moreover, it was shown that bioactive IL-12 

productionn in whole blood cultures of patients with allergic asthma1**  and in monocytes of 

113 3 



Chapterr 6 

patientss AD19 is significantly lower compared to control subjects, and is associated with 

decreasedd IFN-y production by Th cells.18 These studies may indicate an aberrant function of 

APCC in allergic diseases, but to date no studies have been performed with the most relevant 

APC,, the DC. 

Dysfunctionn of DC subsets in AD patients could be associated with aberrant expression of 

cytokines/celll  surface molecules that in turn may be responsible for the preferential 

developmentt of Th2 cells observed in this skin disease. To gain insight into the in vivo 

characteristicss of DC, we investigated whether peripheral blood DC, the stage in the DC life 

cyclee that immediately precedes recruitment into the skin or into other non-lymphoid or 

lymphoidd tissues, are different in AD patients compared to healthy, nonatopic subjects. Here 

wee show that BDCAC myeloid DC from AD patients expressed significant lower levels of 

IL-122 and TNF-a, in response to double-stranded RNA, poly 1:C plus IFN-y, and induced the 

developmentt of T cells with reduced capacity to produce IFN-y. In addition, BDCA4+ 

plasmacytoidd DC from AD patients produced lower levels of IFN-a in response to the 

bacteriall  product Staphylococcus aureus Cowain strain I (SAC). These data suggest that in 

AD,, blood DC may also critically contribute to the development of the atopic phenotype by 

producingg reduced levels of the Th 1-associated cytokines, IL-12 and IFN-a. 

MATERIALL AND METHODS 

Subjects s 

Peripherall  heparinized blood samples were obtained from 17 patients with AD (see table I for 

characteristics),, who were diagnosed on the basis of the Millennium criteria for AD. ü None 

off  the patients studied had been treated with systemic glucocorticoids and no topical 

corticosteroidss were used for 1-2 weeks before their blood donation. As control group 16 

healthyy subjects aged-matched (total serum IgE <50 kU/L) and with no history of AD, 

allergicc rhinitis, or asthma were studied. Donation of blood and skin biopsies by patients and 

healthyy controls followed approval by the ethical committee of the Academic Medical Center 

(Amsterdam,, The Netherlands). All patients and normal subjects gave written informed 

consent. . 
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Isolationn and culture of BDCA1+ and BDCA4+ DC 

Peripherall  blood mononuclear cells (PBMC) were isolated by density centrifugation with 

Lymphoprepp (Nycomed, Torshov, Norway). Myeloid DC, BDCA1+ and plasmacytoid, 

BDCA4++ DC were isolated from PBMC by magnetic cell sorting (MACS) using a high 

gradientt MACS device (Mini-MACS* ; Miltenyi Biotec, Bergisch, Gladbach, Germany). 

Briefly,, CD19+ B cell-depleted PBMC were incubated with BDCA1-PE monoclonal antibody 

(mAb)) and BDCA4-PE mAb followed by anti-PE magnetic beads (Miltenyi Biotec). To 

analyzee the purity of the obtained BDCA1+ and BDCA4" cell populations, the cells were 

incubatedd with a cocktail of FITC-conjugated mAb specific for CD3, CD14, CD16, CD19, 

CD20,, CD34 and CD56 receptors (lineage, lin; BD Bioscience). The purity of each cell 

populationn was >90%. Purified BDCA1' and BDCA4" DC were cultured in Iscove's modified 

Dulbeccos'ss medium (IMDM; Life Technologies, Paisley, U.K.) containing 10% FCS 

(HyClone,, Logan, UT). While BDCA1+ DC were cultured in medium supplement with GM-

CSFF (500 U/ml; Schering-Plough, Uden, The Netherlands), BDCA4+ DC were cultured in the 

presencee of IL-3 (10 ng/ml; Strathmann Biotech, Hannover, Germany). 

Tablee I. Characteristics of patients with AD 
Patient t 

1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 
11 1 
12 2 
13 3 
14 4 
15 5 
16 6 
17 7 

Age e 

50 0 
26 6 
20 0 
20 0 
26 6 
44 4 
40 0 
31 1 
34 4 
48 8 
52 2 
31 1 
36 6 
29 9 
45 5 
29 9 
24 4 

Sex x 

M M 
M M 
F F 
F F 
F F 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 
M M 

Summ of affected 
areaa (%) 

11.4 4 
NA A 
NA A 
NA A 
9.7 7 
9.5 5 
11.8 8 
63 3 

10.5 5 
16.5 5 
63 3 
23.1 1 
5.8 8 
42 2 
56.6 6 
7.7 7 
27.5 5 

Other r 
allergies s 

No o 
Asthma a 

No o 
Asthma,, rhinitis 

No o 
Asthma a 
Rhinitis s 

No o 
Hayy fever 
Asthma a 
Asthma a 

Hayy fever, asthma 
Hayy fever, rhinitis 
Hayy fever, asthma 

Asthma a 
Asthma a 

Asthma,, rhinitis 

Prick k 
test t 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

totall IgE 

151 1 
NA A 
NA A 
NA A 
NA A 
2566 6 
134 4 
1143 3 
NA A 
NA A 

9572 2 
999 9 
5082 2 

49535 5 
NA A 

9000 0 
2747 7 

Stimulationn of BDCA1+ and BDCA4+ DC 

BDCAl++ and BDCA4 DC were stimulated (2xl04 cells/200 ul; 96-well plates, Costar, 

Cambridge,, MA) by fixed Staphylococcus aureus Cowan strain I (SAC, 75 ug/ml; 

Calbiochem,, San Diego, CA), synthetic double-stranded (ds)RNA polyriboinosinic 
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polyribocytidylicc acid (poly I:C, 20 jig/ml; Sigma-Aldrich, St. Louis, MA), CD40L-

transfectedd J558 cell line <2xl04 cells; a gift of Dr. P. Lane, University of Birmingham, 

Birmingham.. U.K.) alone or in combination with rhulFN-y (1000 U/ml; a gift of Dr, P.H. van 

derr Meide, U-CyTech, Utrecht, The Netherlands). Supernatants were harvested after 24 h. 

Thee levels of IL-12p70, IL-12p40, IFN-a, TNF-a, IL-6 and IL-10 were measured by ELISA 

(seee below). 

Analysiss of cell surface molecules expression by FACS 

Too analyze the phenotype of circulating DC, freshly isolated or matured BDCAL DC were 

incubatedd with FITC-conjugated mAb against CD86 (mouse IgGl; BD Pharmingen, San 

Diego,, CA), allophycocyanin (APC)-conjugated anti-CD83 mAb (mouse IgG2b; Caltag 

Laboratories,, Barlingame, CA) and PerCP-conjugatcd anti-HLA-DR mAb (mouse IgG2b; BD 

Bioscience,, San Jose, CA). As controls, cells were stained with corresponding isotype-

matchedd control mAb (values of their mean fluorescence intensity (MFI), were subtracted to 

eachh value of the appropriate fluorochrome-conjugated mAb, delta (A)MFI). Stained cells 

weree analyzed using a four-color cytometer (FACSCalibur, Becton Dickinson). 

Isolationn of CD4+CD45RACD4RO naive Th cells (ThN) 

ThNN were isolated from peripheral blood leukocytes with the negative selection human 

CD4/CD45RO'' column kit (R&D Systems, Minneapolis, MN). This method yielded highly 

purifiedd <>98%) CD4+CD45RA'CD45RO" ThN as assessed by flow cytometry (data not 

shown). . 

Analysiss of proliferation of T cells cocultured with BDCA1+ DC in a mixed 

lymphocytee reaction (MLR) 

Polyy I:C plus IFN-y-matured BDCA1' myeloid DC where tested for their ability to stimulate 

allogeneicc ThN in a MLR. ThN (2.5x104 cells/200 JJ.1) were cocultured in 96-well flat-bottom 

culturee plates with different concentrations of matured DC. After 5 days, cell proliferation 

wass assessed by the incorporation of [3H]thymidinc ([3H]-TdR, Radiochemical Centre, 

Amersham,, Little Chalfont. U.K.) after a pulse with 13 KBq/well during the last 16 h, as 

measuredd by liquid scintillation spectroscopy. 
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Inductionn of Thl or Th2 cell responses by mature BDCA1* DC 

ThNN (8xl04 cells/200 pi) were cocultured in 96-well flat-bottom culture plates with allogeneic 

BDCA1++ DC (2.0xl04 cells/200 ul), matured for 24 h in the presence of poly I:C plus IFN-y, 

whichh were coated with the superantigen Staphylococcus aureus cnterotoxin B (SEB, 100 

pg/ml;; Sigma-Aldrich). On day 5, IL-2 (10 U/ml; Cetus, Emeryville, CA) was added and the 

culturess were further expanded. After 14 days, resting memory Th cells were harvested, 

washed,, and restimulated for 6 h with PMA (10 ng/ml; Sigma-Aldrich) and ionomycin (1 

pg/ml;; Sigma-Aldrich) in the presence of brefeldin A (10 ng/ml; Sigma-Aldrich) in order to 

analyzee Th cell cytokine production profile at the single cell basis. The cells were fixed in 

parafolmadehydee (2%; Sigma-Aldrich), permeabilized with saponin (0.5 %; Sigma-Aldrich), 

andd labeled with FITC-coupled IFN-y mAb (Becton Dickinson) and PE-coupled IL-4 mAb 

(Bectonn Dickinson). The cells were evaluated by FACScan (Becton Dickinson). 

Generationn of monocyte-derived DC and their stimulation 

Immaturee monocyte-derived DC (mo-DC) were generated from monocytes in cultures 

performedd in IMDM (Life Technologies) containing 1% FCS (HyClone), rhuGM-CSF (500 

U/ml;; Schering-Plough, Uden, The Netherlands) and rhuIL-4 (250 U/ml; PBH), as 

described.21'222 Immature DC were stimulated (2xl04 cells/200 pi; 96-well plates, Costar) by 

fixedd SAC, poly I:C or CD40L-transfcctcd J558 cell line alone or in combination with 

rhuIFN-y,, as stated above. Supernatants were harvested after 24 h and the levels of IL-12p70 

weree measured by ELISA (see below). 

Quantificationn of IL-12 p35, p40 and P2-microglobuline mRNA levels by real-time 

PCR R 

BDCATT DC (4.0x10 ) were stimulated for 6h in the presence or in the absence of the 

followingg stimuli: poly I:C plus IFN-y or SAC. After lyzing the cells total RNA was purified 

byy using the NucleoSpin*  RNA II kit (Macherey-Nagel, Duren, Germany) according to 

manufacture'ss instructions. cDNA was generated using the First strand cDNA synthesis kit 

forr RT-PCR (MBI Fermentas, St Leon-Rot, Germany). To anneal the primer to the RNA, 9 p] 

off  total RNA, 1 pi oligo(dT)i*  and 1 jil D(N)d were added. This mix was then heated for 5 

minutess at 94°C. Quantification of IL-12p35 and IL-12p50, and as a control p2-microglobulin 

(f32p)) transcripts, real-time PCR was performed in a LightCyclcr (Roche Diagnostics, 
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Mannheim,, Germany) based on specific primers ands general SYBR green fluorescence 

detection.. The primer sequences were the following: [32m sense: 51-

AAGATTCAGGTTTACTCACGTC-3';; [32u anti-sense: 5'-

TGATGCTGCTTACATGTCTCG-3'' (melting temperature (Tm) 62°C); IL-12p35 sense: 5'-

CTTCACCACTCCCAAAACCT-3';; IL-12p35 anti-sense: 5'-

AGCTCATCACTCTATCAATAGT-3'' (Tm 60°C); IL-12p40 sense: 51-

ATTGAGGTCATGGTGGATGC-3';; 1L-I2p40 anti-sense: 5'-

AATGCTGGCATTTTTGCGGC-3'' (Tm 60°C), resulting in the amplification of PCR 

productss of 294 bp (p2u), 532 bp (p35) and 297 bp (p40). IL-12 mRNA (p35 or p40) levels 

weree expressed as the absolute number of copies normalized against (32u. mRNA. This was 

achievedd by generating standard curves from serial dilutions of standards. These standards 

consistedd in PCR products that included the IL-12p35 or IL-12p40 amplicon and that were 

purifiedd following standard procedures. 

Evaluationn of cytokine production by ELISA 

Determinationn of IL-12p40 and IL-12p70 concentrations in culture supematants was 

performedd by specific solid-phase sandwich ELISA as previously described. " Pairs of 

specificc monoclonal antibodies (mAbs) and recombinant cytokine standards were obtained 

fromm BioSource International (Camarillo, CA) for determinations of IL-6, TNF-a and IFN-a, 

andd from BD Pharmingen for IL-10 determination. The detection limits of these ELISA are as 

follows:: IL-6, 20 pg/ml, TNF-a, 20 pg/ml, IFN-a, 100 pg/ml, IL-12p70, 3 pg/ml, IL-12p40, 

100pg/ml. . 

Immunohistochemicall analysis of BDCA1+ and BDCA4+ DC in skin sections 

Forr immunohistochemical staining, tissues specimens were embedded in Tissue-Tek (Sakura 

Finetek,, Torrance, CA), cryopreserved in liquid N2 and stored at -20°C. Acetone-fixed 

cryosectionss (6 jam) were prepared and incubated with specific mouse mAbs against BDCA1 

(IgG2a,, Miltenyi Biotcc) or BDCA4 (IgGl, Miltenyi Biotec) Ags for 1 h at 37°C after 

blockingg endogenous peroxidase activity with 0.3% H202 and 0.1% sodium azide (NaN3), and 

afterr preincubation (15 min) with 10% normal goat serum (Dakopatts). An IgGl or lgG2a 

isotypee mAbs were used as negative controls. After incubation with biotinylated rabbit anti-

mousee IgG (Dakopatts, Glostrup, Denmark) for 30 min at room temperature, skin sections 
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weree rinsed with PBS and incubated for 30 min with streptavidin horseradish peroxidase-

conjugatedd (Strep-HRP, Central Laboratory of the Netherlands Red Cross Blood Transfusion 

Service,, CLB, Amsterdam, The Netherlands). After washing, 3-amino-9-ethylcarbazole 

(AEC,, Sigma-Aldrich) as used as chromogen. With this procedure BDCAT and BDCA4+ DC 

stainedd red. Other cellular elements were counterstained with hematoxylin (Cellpath, Newton 

Powys,, UK). Then the sections were dried and mounted with glycerol/gelatin. 

Forr double immunostainings slides were incubated with 0.3% H2O2 and 0,1% NaN3 

followedd by a preincubation (15 min) with 10% normal goat serum (Dakopatts). Then the 

sectionss were incubated for 1 h with the primary mAb against BDCAI (IgG2a, Miltenyi 

Biotec)) followed by incubation with FITC-coupled goat F(ab')2 anti-mouse IgG and IgM 

(Jacksonn ImmunoResearch Laboratories, West Grove, PA). Then the sections were incubated 

withh rabbit anti-FITC (Dakopatts) followed by incubation with alkaline phosphatase (AP)-

conjugatedd goat anti-rabbit IgG (Dakopatts). After blocking with normal mouse serum (10%, 

Dakopatts),, the biotinylated primary mAb against BDCA4 (IgG2a, Miltenyi Biotec) was 

addedd to the sections followed by an incubation with Strep-HRP (CLB). AP staining was 

developedd using naphtol AS-MX phosphate (20 mg, Sigma-Aldrich) plus levamisole (15 mg, 

Sigma-Aldrich)) plus Fast blue BB salt (1 mg, Sigma-Aldrich) in 100 mM Tris-HC buffer, pH 

8.5.. With this procedure BDCA1+ DC stained blue. AEC staining was performed as stated 

above.. With this procedure BDCA4+ DC stained red. Slides were analyzed with a wide field 

uprightt microscope (Leica DMRA, Wetzlar, Germany) coupled to a CCD camera and Image-

Proo Plus software (Media Cybernetics, Dutch Vision Components, Breda, The Netherlands). 

Statisticall analysis 

Dataa are expressed as mean  SEM. Data were analyzed for statistical significance with the 

GraphPadd InStat*  software (version 3.00; GraphPad InStat, Inc., San Diego, CA). The 

nonparametricc unpaired Student t test was used to compare variables between two groups. A 

PP value <0.05 was considered as the level of significance. 
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RESULTS S 

BDCAl**  and BDCA4* DC frequencies in peripheral blood from AD patients do not 

differr from healthy controls 

Too study the mechanisms underlying decreased cell-mediated immunity and IL-12 production 

inn patients with AD. we examined the frequencies of BDCAl and BDCA4 DC in these 

patientss and compared to DC from healthy controls. To this aim. PBMC from healthy controls 

(n=16)) and AD patients (n=16) were analyzed by flow cytometry' after staining with mAbs 

againstt BDCAl or BDCA4 Ags and lineage (Lin; CD3, CD 14. CD 16, CD 19. CD20, CD34 

andd CD56) markers. Flow cytometry analysis of PBMC from AD patients demonstrated no 

significantt differences in the frequency of both BDCAl and BDCA4̂  DC from healthy 

controlss compared to DC from AD patients (Fig. 1A and B). 

BDCA1 1 

| | 
BDCA4 4 

---

" " 

; ; 

--

0.80 0 
R2 2 

:'-y|S S 

0.55 5 

~~ ~ 

''

' ' 

ff ii- ' i ' 

0.58 8 

\S S 
1 1 

B B BDCA1-DC C 

L BB Healthy controls 

E 33 AD patients 

Figuree 1. Frequencies of BDCAl and BDCA4 DC in PBMC from healthy controls and AD patients. PBMC 
weree isolated from healthy controls or from AD patients and analyzed by FACS after two-color staining with a 
combinationcombination of FITC-labeled mAbs against lineage markers (Lin) and PE-labeled BDCAl or BDCA4. (A) An 
examplee of the frequency of BDCAl and BDCA4 DC in one healthy donor and in one AD patient is shown. 
Thee numbers indicate the percentage of cells in the respective quadrant. (B) Frequency (%) of BDCAl and 
BDCA44 in PBMC from healthy controls (n=16) and AD patients (n=16). Results are expressed as . 
Dataa were analyzed for statistical significance using a two-tailed Student's /-test. */'<0.05. **/ ><0.01, 
***P<0.0011 compared to healthy controls. 
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Polyy l:C +IFN-Y 

BDCA1-- DC hh W? w^ ^ H S 
00 1 2 3 

IL-12p70(ng/ml) ) 
88 16 24 

TNF-uu (ng/ml) IL-66 (ng/mi; 
22 4 

IL-100 (ng/ml) IL-12p400 (ng/ml) 

B B r r 
66 12 U 

IFN-aa (ng/ml) TNF-uu (ng/ml) 

|| Healthy controls 

F711 AD patients 

Figuree 2. Cytokine production by isolated BDCA1 and BDCA4" DC" from healthy controls and AD patients 
afterr in vitro stimulation with poly l:C+IFN-y or SAC. respectively. BDCAI and BDCA4" DC were isolated 
fromm PBMC by indirect magnetic labeling with PE-conjugated primary mAbs and anti-PE mAb-conjugated 
microbeadss followed by enrichment of labeled cells by MACS. After 24 h stimulation the contents of IL-12p70, 
IL-12p40,, TNF-a. IL-6. IL-10 or IFN-a were analyzed by specific ELISAs. (A) Purified BDCAI DC 
stimulatedd with poly LC+IFN-y from AD patients show reduced capacity to produce IL-I2p70 and TNF-a. 
comparedd to healthy controls. (B) Purified BDCA4* DC from AD patients show reduced capacity to produce 
IFN-aa compared to healthy controls. Results represent the mean  SEM of cytokine concentrations contained in 
thee culture supernatants obtained from different healthy controls and AD patients BDCAI. n=10; BDCA4. n=16. 
Dataa were analyzed for statistical significance using a two-tailed Student's /-test. *P<0.05, **P<0.01, 
***p< 00 00]  Compa,ed to healthy controls. 

A DD patients show impaired IL-12p70 and IFN-a production by BDCA1+ and 

BDCA4** DC, respectively 

ADD is a skin disease associated with the preferential development of Th2. " As the 

developmentt of a particular Th response is dependent on DC-derived signals" we questioned 

whetherr the Th2 phenotype observed in AD patients may result from a deficiency in the 

productionn of Thl-associated cytokines by peripheral blood DC. To this aim. purified 

BDCATT (Fig. 2A) and BDCA4' (Fig. 2B) DC were stimulated with poly 1:C plus IFN-y or 

withh SAC. stimuli that optimally induce IL-12p70 or IFN-a respectively. After 24 h. the 

cytokiness present in culture supernatants were analyzed by specific ELISAs. Poly l:C plus 

IFN-y-stimulatedd BDCAI" DC from AD patients show selectively and significantly 

(FO.001)) lower levels of IL-12p70 and TNF-a compared to BDCAI DC derived from 

healthyy controls. The production of IL-6. IL-10 and IL-12p40 by BDCAI DC from AD 

patientss was not significantly different from healthy controls (Fig. 2A). While the levels of 

IFN-aa production by SAC-stimulated BDCA4 DC from AD patients were selectively and 
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significantlyy (PO.05) low compared to healthy controls, the levels of TNF-a, IL-6 and IL-10 

productionn were similar (Fig. 2B). SAC-stimulated BDCA4 DC did not produce detectable 

levelss of IL-12p70 (data not shown). 

BDCA1++ DC from AD patient express similar levels of HLA-DR, CD83 and CD86 

comparedd to healthy controls 

Purifiedd BDCA1 DC from healthy controls and AD patients were stimulated in vitro with 

polyy l:C, or SAC. or CD40L, and HLA-DR. CD83 and CD86 expression was measured after 

244 h by FACS. Freshly isolated BDCA1' DC were used as control. Fig. 3 shows that 

irrespectivee of the stimuli tested, BDCAT DC upregulated the expression of HLA-DR, CD83 

andd CD86 and there were no significant differences between DC derived from healthy-

controlss and AD patients. Addition of IFN-y to the BDCA1' DC cultures did not change the 

expressionn of these mature phenotype markers studied (data not shown). Freshly isolated 

BDCA4'' DC from both healthy controls and AD patients also show similar levels of HLA-

DR.. CD83 and CD86 expression, albeit low in this DC subset (data not show). 
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Figuree 3. Freshly isolated and activated BDCAT DC from AD patients express similar levels of HLA-DR. 
CD833 and CD86 compared to healthy controls. Freshly isolated or cultured (24 h after exposure to poly I:C. or 
SAC.. or CD40L-transfected J558 cells) BDCA1 DC were stained with mAbs to HLA-DR, CD83 or CD86. and 
analyzedd by FACS. AMFI represents the difference between the various staining and the isotype control. Results 
representt the mean  SEM of AMFI from different healthy controls (n=6) and AD patients (n=6). Data were 
analyzedd for statistical significance using a two-tailed Student's /-test. *ƒ><().05. **P<0.01. ***/ ><0.0()l 
comparedd to healthy controls. 
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Polyy I:C-matured BDCA1+ DC from AD patients exhibit reduced capacity to induce 

IFN-y-producingg T cells compared to healthy controls, albeit their similar capacity 

too support naive Th cell proliferation 

Too evaluate the consequences of a reduced capacity to produce IL-12p70 by BDCA1+ DC 

fromm AD patients, we subsequently studied the capacity of mature BDCA1+ DC to stimulate 

naivee Th cells in allogeneic MLR, and to induce a particular Thl/Th2 secretion profile. Fig. 

4AA shows that poly I:C-matured BDCA1+ DC from AD patients were as effective as BDCAT 

DCC from healthy controls in inducing naive Th cell proliferation. These results are in line with 

thee similar expression of mature phenotype markers by BDCA1+ DC from both healthy 

controlss and AD patients. 

Too test whether poly I:C plus IFN-y-matured BDCA1+ DC from AD patients have a 

differentt capacity to bias the development of Thl or Th2 cells, mature BDCA1" DC were 

coculturedd with naive Th cells in the presence of superantigen (SEB). After 14 days, the 

percentagee of cells producing IL-4 and/or IFN-y was evaluated by stimulation of effector T 

cellss with PMA/ionomycin and analysis of intracellular cytokine expression at the single cell 

basiss by FACS (Fig. 4B). Although the priming of BDCAT DC from both healthy controls 

andd AD patients with poly I:C plus IFN-y result in DC that biased for the development of Thl 

cells,, the percentage of IFN-y-producing Th cells induced by mature BDCAT DC from AD 

patientss was lower. In addition, a higher percentage of IL-4-producing Th cells induced by 

thesee cells was observed. Fig. 4B shows a representative experiment out of ten with similar 

results.. These findings indicate that BDCA1+ DC from AD patients have a reduced capacity 

too induce Thl responses compared to healthy controls, in accordance with their strongly 

reducedd IL-12p70 production 

BDCA1++ DC and monocyte-derived DC (Mo-DC) from AD patients produce low 

levelss of IL-12p70 in response to different stimuli 

Too analyze whether the reduced capacity of BDCAl' DC to produce IL-12p70 was not a 

consequencee of the particular stimulus tested, BDCAT DC were stimulated with poly I:C, or 

SAC,, or CD40L in the absence or in the presence of IFN-y. In addition, we verified whether 

thee reduced capacity of BDCAT DC from AD patients to produce IL-12p70 was also 

observedd in Mo-DC, generated from peripheral blood monocytes. Irrespective to the stimuli 

usedd both BDCAT DC and Mo-DC from AD patients produced significantly lower levels of 
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Figuree 4. Poly [:C+IFN-y-matured BDCA1' DC from healthy controls and AD patients exhibit similar capacity 
too support naive Th cell proliferation (A). BDCA1' DC were cultured for 24 h in the presence of poly I:C+IFN-
y.. Then matured BDCAI" DC were cultured at different numbers with allogeneic naive CD45RA CD4 Th cells. 
Afterr 5 days, the cells were pulsed during the last 16 h with [3H]thymidine ([3H]-TdR). Mature BDCAI' DC 
fromm healthy controls (o, open circles), mature BDCAT DC from AD patients . close circles). Data are 
expressedd as the mean  SEM of counts per minute (cpm) from different healthy controls (n=6) and AD patients 
(n=6).. Data were analyzed for statistical significance using a two-tailed Student's /-test, */><().05. **P<0.01, 
***/><0.0011 compared to healthy controls. Poly I:C+IFN-y-maturcd BDCAI DC from an AD patient have 
reducedd capacity to induce IFN-y-producing Th cells compared to healthy control (B). Matured BDCAI DC 
weree loaded with SEB and cocultured with naive Th cells. After 14 days, resting memory Th cells were 
stimulatedd for 6 h with PMA * ionomycin in the presence of brefcldin A. The expression of IL-4 and IFN-y was 
assessedd by intracellular staining. Results are expressed as the percentage of cells in each population. A 
representativee experiment out often with similar results is shown. 

IL-12p700 compared to healthy controls (Fig. 5 shows a representative experiment out of six 

withh different AD patients and controls). These results suggest that decreased 1L-I2p70 in AD 

patientss may be due to an intrinsic deficiency of APC to produce this Thl-promoting 

cytokine. . 
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Figuree 5. Reduced capacity of BDCAI' DC and Mo-DC to produce IL-12p70 is independent of the type of 
stimuli.. Purified BDCAI DC and Mo-DC from both healthy controls and AD patients were stimulated for 24 h 
withh poly I:C. or SAC or CD40L-transfected J558 cells in the absence or in the presence of IFN-y. IL-I2p70 
levelss were measured by ELISA in culture supernatants. Data are M of a representative experiment out 
off  six with similar results. Data were analyzed for statistical significance using a two-tailed Student's /-test. 
*/><0.05.. **P<0.0\. ***/><0.001 compared to healthy controls. 

IL-122 p35 and p40 gene expression are defective in st imulated BDCA1+ DC from 

A DD pat ients 

Sincee the secretion of bioactive IL-12p70 requires the production of both IL-12 subunits: p35 

andd p40."> we investigate the mechanisms of IL-12p70 deficiency observed in BDCAT DC 

fromm AD patients by analyzing the mRNA expression of these subunits by quantitative real-

timee PCR. Fig. 6 shows a representative experiment out of five with similar results. Both p35 

andd p40 mRNA expression by poly I:C plus IFN-y-stimulatcd BDCAI" DC from the AD 

patientt was lower compared to the healthy control. BDCAI DC stimulation with SAC 

resultedd in the selective induction of p40 in the absence of p35 induction. Also in this case 

p400 expression of stimulated BDCAI ' DC was lower compared to the healthy control. 
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Figuree 6. Reduced expression of IL-I2(p35) and IL-12(p40) mRNA levels in BDCAI DC from AD patients. 
BDCAI '' DC from healthy controls or AD patients were incubated in the absence or in the presence of poly 
I:C+IFN-yy or SAC. After ft h. mRNA was extracted, reverse transcribed, and amplified by quantitative real-time 
PCRR using specific primers for IL-12(p35), IL-12-(p40), or (^-microglobulin ((}2u). IL-I2(p35) and IL-l2-(p40) 
mRNAA levels were normalized against (52u mRNA levels. Data show one representative experiment out of six 
withh similar results. 
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BDCA1++ and BDCA4+ DC are present in elevated numbers in lesional skin of AD 

patients s 

Sincee AD is characterized by the accumulation of DC in the dermiŝ  we analyzed by 

immunohistochemistryy whether BDCA1+ and BDCA4' DC are present in non-lesional and 

lesionall  skin of AD patients and compared to normal healthy controls. BDCA1 (Fig. 7A) and 

BDCA44 (Fig. 7D) staining in normal healthy skin (five separate samples) was detected in the 

upperr part of dermis close to the border epidermis/dermis. BDCA1' DC were also detected in 

thee epidermis (Fig. 7A, arrows) while BDCA4" DC were absent. In non-lesional skin from 

threee different AD patients both BDCAT (Fig. 7B) and BDCA4' cells (Fig. 7E) were 

observedd in the dermis. However, BDCAT DC were absent in the epidermis of non-lesional 

ADD skin. Lesional skin of AD patients is characterized by the thickness of the epidermis and a 

massivee infiltration of activated CD4' T cells and APC namely DC, monocytes and 

macrophagess ". Indeed, elevated numbers of BDCA1 + DC (Fig. 7C) are observed in the 

epidermiss and dermis of lesional AD skin. BDCA4+ DC (Fig, 7F) were also present in the 

epidermiss (arrow) at elevated numbers and in the dermis. Isotype control stainings (Fig. 7G) 

gavee a negative staining. 

Sincee both BDCAT and BDCA4+ DC are expressed in lesional epidermis of AD patients 

wee confirmed the specificity of BDCA1 and BDCA4 mAbs by performing double stainings. 

Figuree 8 shows single positive BDCA1 (blue cells) and BDCA4 (red cells) DC present in 

epidermiss of lesional AD skin, suggesting that BDCA1 and BDCA Ags are not co-expressed. 

Furtherr double stainings are currently being performed using antibodies against BDCA1 and 4 

antigenss in combination with antibodies against the myeloid DC marker CD1 lc and the PDC 

markerr CD123 (IL-3Ra). 
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AD D 

Healthyy control Non-lesional Lesional 

Figuree 7. Immunohislochemical analysis of BDCAI' and BDCA4' DC in skin. Cryosections of human skin 
fromm healthy controls (n=5) (A? D. G), non-lesional (n=3) (B, E) and lesional (n=3) (C, F, H) AD patients were 
stainedd (red) with specific mAbs against BDCAI (A, B, C) or BDCA4 (D, E. F). and counterstained with 
hematoxylinn (blue). BDCAI' and BDC4' DC were present in the dermis of healthy controls (A and B, 
respectively)) and BDCAI' DC were also present in the epidermis (arrows). BDCAI' (B) and BDC4 DC (E) 
weree also present in the dermis of non-lesional AD skin whereas BDCAI' DC were absent in the epidermis. An 
increasedd number of BDCAI DC is observed in the epidermis and dermis of lesional AD skin (C). BDCA4' DC 
accumulatedd in the epidermis in lesional AD skin (F. arrow) although some cells were also present in the dermis 
inn contact with infiltrated cells. Isotype control antibody gave negative staining (G). Original magnification lOx. 
CC33** page 165). 

DISCUSSION N 

Thee present study shows that both BDCAI myeloid DC and BDCA4 plasmaeytoid DC 

(PDC)) from AD patients exhibit aberrant functions compared to healthy controls. BDCAI 

DCC from AD patients are characterized by a significant decreased capacity to produce 

bioactivee IL-12p70 in response to various stimuli as a result of a defective IL-12p35 and IL-

12p400 mRNA gene expression. Consistent with their reduced capacity to produce IL-12, 

BDCAII  DC from AD patients induce the development of Th cells with a decreased 

127 7 



Chapterr 6 

frequencyy of IFN-y-positive cells. Moreover. BDCA4 DC-derived IFN-a in AD patients is 

lowerr compared to healthy controls. 

BDCA1/BDCA4 4 

Figuree 8. BDCAl and BDCA4 Ags arc not co-cxprcsscd in lesional AD skin. Double immunostainings revealed 
thatt both BDCAl' (blue) and BDCA4* (red) DC are localized in the epidermis from lesional AD skin (H). 
Originall  magnifications lOx and40x. C3" page 165). 

Thesee aberrant functions observed in the two blood DC subsets in AD patients could be 

causedd by a decrease or increased frequencies of specific cell types. In fact, it has been 

demonstratedd that patients suffering from systemic lupus erythematosus," myeloid 

leukemia,""  Sézary syndrome" or human immunodeficiency virus (HIV)" ' exhibit reduced 

numberss of peripheral blood DC. There are contradictory reports concerning the frequencies 

off  peripheral blood DC in atopic patients compared to healthy controls. In one report' 

patientss with atopy (asthma and AD) have a slightly enhanced percentage of PDC. while the 

percentagee of CD l l c ' myeloid DC did not differ. In the other report the frequency of Lin" 

HLA-D RR CD123 PDC in patients suffering from AD or allergic rhinoconjunctivitis was not 

statisticallyy significantly different, whereas the frequency of LinTILA-D R CD 123" myeloid 

DCC was significantly reduced compared to healthy subjects."1 In addition. Upham et al. ' 

demonstratedd that the number of myeloid DC is not different between normal controls and 

atopicc asthmatics in the absence of relevant allergen challenge. These discrepancies arc likely 

too be due to the differential characterization of atopic patients and differential characterization 

off  both myeloid and PDC subsets. In addition, from these data it is not clear which myeloid 

subpopulationn present in peripheral blood (CD16\ or BDCAl ' or BDCA3' DC ) is 

responsiblee for the increased or decreased cell frequency in atopic patients. Our study, which 

definess two blood DC subsets, demonstrates that the frequencies of both BDCAl and 

BDCA44 DC present in blood from AD patients did not differ from healthy controls. 

However,, it remains to be established whether the frequencies of the other two CD1 lc DC 
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presentt in peripheral blood, CD16+ and BDCA3* DC, are different in AD patients compared 

too healthy controls. 

1L-122 is a proinflammatory cytokine that is produced by APC, such as macrophages, B and 

DCC cells.32 The biologically functional form of 1L-12 is a 70-kDa heterodimer (1L-I2p70), 

whichh consists of disulfide-bounded 40-kDa (p40) and 35-kDa (p35) subunits, which plays a 

keyy role in the induction of cellular immunity by promoting the proliferation of NK and T 

cellss and the differentiation towards Thl cells." AD patients are characterized by a biased 

polarizationn towards Th2 cells.1'2 In addition, the response to mycobacterial antigens, 

althoughh dominated by IFN-y, is less polarized towards Thl cells as compared to healthy 

controls.333 Previously it has been shown that APC from atopic patients e.g., monocytesls'19 

andd monocyte-derived DC,30 produced less bioactive IL-12 compared to healthy controls. 

Heree we show for the first time that BDCA1' DC present in peripheral blood of AD patients 

havee a decreased capacity to produce bioactive IL-12 in response to various stimuli compared 

too healthy controls. Moreover, poly I:C plus IFN-y (a potent Thl-inducing stimulus) induced 

BDCA1**  DC maturation that subsequently induce the development of Th cells with low 

capacityy to express IFN-y compared to healthy controls. These findings are of particular 

importancee since DC are the most potent APC in the initiation of specific immune 

responses.244 In addition, our results indicate that the polarization towards Th2 observed in AD 

patientss may be due to a deficient IL-12 production by BDCA1 + DC but not due to a reduced 

numberr of these circulating DC in peripheral blood neither due to a decreased capacity of 

thesee cells to induce proliferation of T cells. 

Analysiss of the IL-12p35 and p40 gene expression (mRNA) suggested that the reduced IL-

12p700 production observed in AD patients might be due to a decreased mRNA expression of 

bothh subunits. In addition, although IL-12p40 gene expression in AD BDCA1+ DC was 

defective,, the protein synthesis of this subunit was similar compared to healthy controls, 

suggestingg the existence of posttranscriptional regulation. 

PDCC are the main producers of type 1 IFNs, IFN-a and IFN-fl, innate immune molecules 

thatt are crucial after bacterial and viral challenge.34 The in vivo effects of type I IFNs are 

associatedd with promoting an antiviral and antibacterial state, including a broad spectrum of 

cellularr targets.12 For instance, by producing high levels of IFN-a response to viruses, PDC 

(BDCA4")) may protect myeloid DC (BDCAT) from the cytopathic effect of the virus35 and 

mayy exert an adjuvant effect on antibody responses.6 The disease AD is complicated by 

recurrentt infections of skin lesions by bacterial, viral, and fungal pathogens.3' About 30% of 
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patientss with AD have bacterial or viral infections in the skin. The decreased secretion of 

IFN-aa by AD BDCA4* DC, and BDCAT DC-derived IL-12 and TNF-a, may have serious 

consequencess on the induction of antibacterial and antiviral immune response and may 

accountt for the susceptibility of patients suffering from AD to skin infections with bacteria 

andd viruses. 

Ourr results established a clear difference in the function of myeloid circulating DC from 

ADD patients compared with their normal counterparts, however is still unknown whether other 

atopicc disease, such as atopic asthma may also display similar abnormalities, or whether these 

differencess are associated with the inflammatory status of the skin. Our preliminary data show 

thatt BDCA1+ DC from atopic asthma patients have a reduced capacity to produce bioactive 

IL-12,, and in contrast to BDCA1" DC from psoriasis patients which release similar levels of 

IL-12p700 compared to healthy controls (data not shown). 

InIn situ immunohistochemical studies revealed that BDCA1+ and BDCA4* DC are present 

inn the skin under steady-state conditions (healthy controls) and the number of both DC subsets 

iss increased in both dermis and epidermis in lesional AD skin. These data suggest that these 

subsetss may contribute to the cutaneous inflammation observed in these patients. 

AA recent study indicated that skin epithelial cells, keratinocytes may provide the initial 

triggerr of the allergic immune cascade in AD.39 Epithelial-derived thymic stromal 

lymphopoietinn (TSLP) not only potently activates DC, but also endows DC with the ability to 

polarizee naive T cells to produce Th2 cytokines. Moreover, TSLP is highly expressed by 

keratinocytess from patients with both acute and chronic AD in situ.1,9 It is, therefore, tempting 

too speculate that TSLP skin concentrations in AD may reach the bone-marrow and peripheral 

bloodd and prime DC progenitors and precursors, respectively. Moreover, it is unclear whether 

TSLPP can trigger the development of AD or this molecule plays a role in the amplification of 

thee disease since TSLP is mainly detected in lesional AD skin. However, it remains to be 

determinedd whether TSLP may reduce the production of IL-12 or IFN-a by stimulated 

BDCA11 or BDCA4' DC, respectively, and whether the treatment of AD patients (e.g. 

glucocorticoids,, tacrolimus) may restore the capacity of BDCA1 and BDCA41 DC to 

producee IL-12 or IFN-a, respectively. 

Inn summary, in AD patients, both circulating DC subsets exhibit qualitative, but not 

quantitative,, intrinsic abnormalities. Our observations may be relevant to the increased 

susceptibilityy of AD patients to intracellular pathogens and viruses but also may have 
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importantt implications for the development of new strategies for the treatment of this chronic 

skinn disease. 

ACKOWLEDGMENTS S 

Thiss work was support by Fundacao para a Ciência e a Tecnologia, Lisbon, Portugal (grant 

no.. PRAXIS XXI/BD/13678/97 to M.C.L.). We thank Wil Liefting for performing the 

immunohistochemicall  analysis. ECJ and TMMC were financially supported by Haarlems 

Allergenenn Laboratorium (HAL) BV. 

REFERENCES S 

1.. Akdis M, Akdis CA. Weig] L, Disch R, Blaser K. Skin-homing, CLA* memory T celts are activated in 
atopicc dermatitis and regulate IgE by an IL-13-dominated cytokine pattern: IgG4 counter-regulation by 
CLA-- memory T cells, J Immunol. 1997; 159:4611-4619. 

2.. Leung DYM,BieberT. Atopic dermatitis. The Lancet. 2003;361:151-160. 
3.. Thepen T, Langeveld-Wildschut EG, Bihari IC et al. Biphasic response against aeroallergen in atopic 

dermatitiss showing a switch from an initial Th2 response to a Thl response in situ: an immunocytochemical 
study.. J Allergy Clin Immunol. 1996;97:828-837. 

4.. Banchereau J. Briere F, Caux C et al. Immunobiology of dendritic cells. Annu Rev Immunol. 2000:18:767-
811. . 

5.. MacDonald KP, Munster DJ, Clark GJ et al. Characterization of human blood dendritic cell subsets. Blood. 
2002;100:4512-4520. . 

6.. Liu Y-J, Kanzler H. Soumelis V, Gilliet M. Dendritic celt lineage, plasticity and cross regulation. Nat 
Immunol.Immunol. 2001;2:585-589. 

7.. Grouard G, Rissoan MC, Filgueira L et al. The enigmatic plasmacytoid T cells develop into dendritic cells 
withh interleukin (IL)-3 and CD40-ligand. J Exp Med. 1997;! 85:1101-1 111. 

8.. Rissoan MC, Soumelis V, Kadowaki N et al. Reciprocal control of T helper cell and dendritic celt 
differentiation.. Science. 1999;283:1183-1186. 

9.. Pulendran B, Banchereau J, Burkeholder S et al. Flt3-hgand and granulocyte colony-stimulating factor 
mobilizee distinct human dendritic cell subsets in vivo. J Immunol. 2000;165:566-572. 

10.. Siegal FP, Kadowaki N, Shodell M et al. The nature of the principal type 1 interferon-producing cells in 
humann blood. Science. 1999;284:1835-1837. 

It .. Cella M, Jarrossay D, Facchetti F et al. Plasmacytoid monocytes migrate to inflamed lymph nodes and 
producee large amounts of type 1 interferon. Nat Med. 1999;5:919-923. 

12.. Biron CA, Interferons a and P as immune regulators-a new look. Immunity. 2001;14:661-664. 
13.. Punnonen J, Punnonen K. Jansen CT, Kalimo K. Interferon (IFN)-alpha, IFN-gamma, interteukin (IL)-2, 

andd arachidonic acid metabolites modulate IL-4-induced IgE synthesis similarly in healthy persons and in 
atopicc dermatitis patients. Allergy. 1993;48:189-195. 

14.. Pung YH, Vetro SW, Bellanti JA. Use of interferons in atopic (IgE-mediated) diseases. Ann Allergy. 
1993;71:234-238. . 

15.. Macatonia SE, Hosken NA, Litton M et al. Dendritic cells produce IL-12 and direct the development of Thl 
cellss from naive CD4̂  T cells. J Immunol. 1995; 154:5071 -5079. 

16.. Hayes MP, Wang J, Norcross MA. Regulation of interleukin-12 expression in human monocytes: selective 
primingg by interferon-gamma of lipopolysaccharide-inducible p35 and p40 genes. Blood. 1995;86:646-650. 

17.. Naseer T, Minshall EM, Leung DY et al. Expression of IL-12 and IL-13 mRNA in asthma and their 
modulationn in response to steroid therapy. Am J RespirCrit Care Med. 1997;155:845-851. 

18.. van der Pouw Kraan TC, Boeije LC, de Groot ER et al. Reduced production of IL-12 and IL-12-dependent 
IFN-yy release in patients with allergic asthma, J Immunol. 1997;158:5560-5565. 

19.. Snijders A, van der Pouw Kraan TCTM, Engel M et al. Enhaced prostaglandin E: production by monocytes 
inn atopic dermatitis (AD) is not accompained by enhanced production of IL-6, IL-10 or IL-12. Clin Exp 
Immunol.. 1998;111:472-476, 

131 1 



Chapterr 6 

20.. Bos JD. van Leent EJM, Smitt JHS. The millennium criteria for the diagnosis of atopic dermatitis. Exp 
Dermatol.. 1998;7:132-138. 

21.. Sallusto F. Lanzavecchia A. Efficient presentation of soluble antigen by cultured human dendritic cells is 
maintainedd by granulocyte'macrophage colony-stimulating factor plus interleukin 4 and downregulated by 
tumorr necrosis factor alpha. J Exp Med. 1994;179:1109-1] 18. 

22.. Kalinski P. Schuitemaker JHN, Hilkens CMU. Kapsenberg ML. Prostaglandin E2 induces the final 
maturationn of IL-12-deficient CDUCD83' dendritic cells: the levels of IL-12 are determined during the 
finall  dendritic cell maturation and are resistant to further modulation. J Immunol. 1998;161:2804-2809. 

23.. Snijders A, Hilkens CM, van der Pouw Kraan TC et at. Regulation of bioactive IL-12 production in 
lipopolysaccharide-- stimulated human monocytes is determined by the expression of the p35 subunit. J 
Immunol.. 1996;156:1207-1212. 

24.. Banchereau J. Stemman RM. Dendritic cells and the control of immunity. Nature. 1998;392:245-252. 
25.. Cederblad B, Blomberg S, Vallin H et al. Patients with systemic lupus erythematosus have reduced numbers 

off  circulating natural interferon-a-producing cells, J Autoimmunity. 1998;11:465-470. 
26.. Mohty M, Jarrossay D, Lafage-Pochitaloff M et al. Circulating blood dendritic cells from myeloid leukemia 

patientss display quantitative and cytogenetic abnormalities as welt as functional impairment. Blood. 
2001;98:3750-3756. . 

27.. Wysocka M, Zaki MH, French LE et al. Sézary syndrome patients demonstrate a defect in dendritic cell 
populations:: effects of CD40 ligand and treatment with GM-CSF on dendritic cell numbers and the 
productionn of cytokines. Blood. 2002;100:3287-3294. 

28.. Donaghy H, Pozniak A. Gazzard B et al. Loss of blood CDllc(+) myeloid and CD! lc(-) piasmacytoid 
dendriticc cells in patients with HIV-1 infection correlates with HIV-1 RNA virus load. Blood. 
2001;98:2574-2576. . 

29.. Uchida Y. Kurasawa K, Nakajima H et al. Increase of dendritic cells of type 2 (DC2) by altered response to 
IL-44 in atopic patients. J Allergy Clin Immunol. 2001;108:1005-1011. 

30.. Reider N, Reider D, Ebner S et al. Dendritic cell contribute to the development of atopy by an insuficient in 
IL-122 production. J Allergy Clin Immunol. 2002;109:89-95. 

31.. Upham JW. Denburg JA, O'Byme PM. Rapid response of circulating myeloid dendritic cells to inhaled 
allergenn in asthmatic subjects. Clin Exp Allergy. 2002;32:818-823. 

32.. Trinchieri G. Interleukin-12: a cytokine produced by antigen-presenting cells with immunoregulatory 
functionss in the generation of T-helper cells type 1 and cytotoxic lymphocytes. Blood, 1994;84:4008-4027. 

33.. Parronchi P, Macchia D. Piccini M-P et al. Allergen- and bacterial antigen-specific T-cell clones established 
fromm atopic donors show a different profile of cytokine production. Proceedings of the National Academy of 
Sciencess of USA. 1991:88:4538-4542. 

34.. Liu Y-J. Dendritic cell subsets and lineages, and their functions in innate and adaptive immunity. Cell. 
2001:106:259-262. . 

35.. Cella M. Salio M, Sakakibara Y et al. Maturation, activation, and protection of dendritic cells induced by 
double-strandedd RNA. J Exp Med. 1999;189:821-829. 

36.. Le Bon A. Schiavoni G, D'Agostjno G et al. Type I interferons potently enhance humoral immunity and can 
promotee isotype switching by stimulating dendritic cells in vivo. Immunity. 2001:14:461-470. 

37.. Leung DYM, Tharp M, Boguniewicz M. Atopic dermatitis (atopic eczema). In: Freedberg IM, Eisen AZ, 
Wolfff  K, et al., eds. Dermatology in general medicine. 1. New York: McGraw-Hill; 1998:1464-1480. 

38.. Christophers E, Henseier T. Contrasting disease patterns in psoriasis and atopic dermatitis. Arch Dermatol 
Res.. 1987;279Suppl:S48-S51. 

39.. Soumelis V, Reche PA, Kanzler H et al. Human epithelial cells trigger dendritic cell mediated allergic 
inflammationn by producing TSLP. Nat Immunol. 2002. 

132 2 


