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10 Chapter 1

1.1 GENERAL INTRODUCTION

Our skin is under constant environmental stress resulting from personal care (soap,
cosmetics, clothes), home (plants, wood, vegetables), leisure (glues, photodevelopers,
paints) and work., Although the skin is an efficient barrier and body protector a
cutaneous disorder may be induced by many substances or conditions. The causes of
skin infury can be classified in one of the following categories: chemical, mechanical,
physical and biological, Within these categories chemical injuries constitute an
important part.

Toxic reactions to the skin from environmentally encountered substances may
include ulcerations, pigmentary abnormalities, folliculitis with the development of
acne-type lesions and neoplasms, but the skin disorder that most frequently occurs is
contact dermatitis. Contact dermatitis is a common non-contagious inflammatory skin
reaction elicited by an external factor, The group of contact dermatitis reactions
includes allergic contact dermatitis, irritant contact dermatitis (acute/cumutative),
phototoxic contact dermatitis and photoallergic contact dermatitis, and the immediate
type of contact dermatitis (e.g. urticaria). This thesis will be limited to allergic and
irritant contact dermatitis,

Contact dermatitis accounts for 60-95 per cent of all occupational skin diseases,
whereas occupational skin diseases account for 9-34 per cent of all notified
occupational diseases. The incidence of notified occupational skin diseases in three
european countries and the US is 0.5 to 0.7 cases per 1000 workers a year. The
frequency of sick leave due to skin diseases among workers is approximately 7 cases
per 1000 workers a year. Approximately 3 per cent of the cases do not recover within
one year and consequently receive disability pension. The prevalence of skin diseases
in the workers population, however, is much higher than would be expected from the
data on sick leave, disability pension or notified occupational diseases. This is
probably caused by the fact that only a small fraction of workers reports sick due to
skin diseases, The prevalence of eczema on hands and forearms in occupations in the
construction industry and the metal industry was higher than 10 per cent Therefore
the identification of risk factors and the prevention of occupational skin diseases
especially contact dermatitis deserves more attention.

Allergic contact dermatitis (ACD) is a very common mechanism, representing a
mode of defense through which invasive substances can be rejected. ACD is a specific
inflammatory reaction due to chemical agents {plants, medicaments, cosmetics, metals,
fabrics). In ACD epidermal and dermal oedema, vesiculation and erythema are seen.
Site and configuration of skin lesions are clues to the causal agenl; patch tests may
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confirm the diagnosis identifying the substance responsible for ACD. Avoidance of the
causal agent usually decreases clinically manifest dermatitis, The contact allergens
involved in ACD are usually chemicals of low molecular weight, In general, ACD can
be elicited by extremely low doses,

In allergic contact dermatitis there is an afferent (induction or sensitization phase)
and an efferent (elicitation or challenge phase) limb. The afferent kimb includes the
events following allergen presentation to the immunologically naive system and is
complete when the subject is sensitized and capable of giving a positive challenge
reaction. The efferent limb is activated during the elicitation (challenge) phase. The
main events which oceur in the afferent phase after skin penetration of the small
antigens are (1) the binding of contact allergens fo skin constituents notably Major
Histocompatibility Complex (MHC) Class 1l molecules present on the Langerhans cell
as antigen presenting cell or binding of the contact allergen to a skin protein which in
turn is taken up by Langerhans cells, is processed and is presented by the Langerhans
cell in the contect of MHC Class 1T molecules, (2) migration of the antigen-carrying
Langerhans cells as veiled cells via the afferent lymphatics to the regional lymph
nodes where they settle in the paracortical areas, (3) recognition of the antigen
presented on MHC-class II molecules by the T-cell receptor and (4) proliferation and
subsequent dissemination of specific (memory) T-cells throughout the body.

Afler sensitization has been completed a subsequent contact with the appropriate
allergen muay initiate the elicitation reaction, Upon this renewed skin contact the
allergen is locally presented to allergen specific T-cells, which in turn are triggered to
produce cytokines. The release of these T-cell derived cytokines together with the
cytokines produced by the epidermal cells after skin application cause an increase in
the number of CD4 positive T-cells, cytotoxic T-cells and macrophages that amplify
the local mediator release and lead to an eczematous reaction after 48-72 hours.

Irritant contact dermatitis (ICD) in contrast to ACD, is a non specific toxic
inflammation of the skin. ICD may occur after short term exposure to large quantities
of (highly)} irritative agents or may result from repeated or long term exposure to less
irritative agents. The latter form of ICD caused by repeated or long term contact
(without recovery) in most individuals looks like ACD and is described in this thesis,

In ICD epidermal and dermal oedema, vesiculation and erythema are seen. The
eczematous reaction caused by an irritant is restricted to the exposed skin in contrast
to the reaction caused by an allergen. Under normal conditions adequate hygienic
measures are effective to prevent 1CD. In contrast to ICD protection against ACD by
hygienic measures is difficult, since skin contact with even very low quantities of an
allergen may give rise to such an effect once sensibilization has taken place. Thus, in
ACD every contact has to be avoided.
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In irritant contact dermatitis there is an induction of damage to the epidermal ceil
layers resulting in cytokine release by these epidermal cells, non-specific migration of
Langerhans cells, infiltration of inflammatory CD4 positive T-cells, cytotoxic T-cells
and macrophages from the circulation into the dermal compartment, In contrast to
ACD, ICD is not dependent on pre-existing sensitization and therefore ICD is
described as a non-specific inflammatory reaction.

Exposure to several chemical substances may result in allergic as well as irritant
contact dermafitis. The correct assessment and diagnosis of allergic and irritant
contact dermatitis may pose considerable problems in dermatologic practice even
when using epicutaneous patch testing. Until now both types of contact dermatitis,
despite of their induction by different mechanisms, are difficult to differentiate from
the macroscopic appearance, electron-microscopy, and light microscopic histology. Te
establish the type of contact dermatitis and the possible measures of protection
against contact with the chemical a differentiation marker between ACD and ICD is
required.

As already stated, ACD depends primarily on the activation of specifically sensitized
T-cells. Upon local allergen triggering these T-cells initiate an inflammatory cascade
leading to overt skin disease. In contrast to ACD, ICD is caused by a non-specific
inflammatory reaction. Since different mechanisms are involved in ACD and ICD the
search for a differentiation marker continues. In our study, we have focussed on
epidermal cells and T-cells with their mediators produced.

Epidermal cells such as keratinocytes and Langerhans cells are the first cells in the
skin which are encountered by a chemical substance. After exposure to a chemical,
these cells immediately produce common inflammatory cytokines (a.o. interleukin 1
(IL-1) and tumor necrosis factor-alpha {TNF-a)) which enable them to cause a local
inflammatory reaction in the skin, In ACD the Langerhans cells have a role in the
activation and expansion of antigen-specific T-cells; In ICD and ACD non-specific
inflammatory T-cells are present in the cellular infiltrates in the dermis.

Upon activation, T-cells produce cylokines, These cytokines may lead to the
enhancement of the inflammatory reaction. Cytokines are glycosylated polypeptides,
produced by a variety of cell types. Originally, these polypeptides were called
lymphokines, monokines or interleukins based on their source or their role in the
communication between leucocytes, Detailed investigations revealed that most of
these polypeptides were produced by more than one cell type and exerted their
regulatory role on a variety of other cell types. In general, cytokine producing cells are
paracrine cells, meaning that their regulatory activity is directed to target cells which
are localized in close conjunction.
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Activated T-cells will express CD40 ligand (gp39) even before they start producing
cytokines, CD40 is expressed on B-cells and on human professional antigen presenting
cells such as Langerhans cells and other dendritic cells, The role of CD40 ligand-
CD40 interaction is established in different humoral (a.0.hyper-IgM syndrome in man)
and cellufar immune responses (a.0. acute graft versus host response in mice}. This
suggests that both the cell derived cytokines as well as CD40 ligand and CD406 could
be involved in contact dermatitis. Therefore, detailed knowledge of the cytokine
profiles as well as knowledge of the functional role for CD40 ligand-CD40 interaction
in contact dermatitis is required to establish the possibility to use these antigens or
surface markers to differentiate between allergic and irritant contact dermatitis,

Patients presented with the clinical picture of contact dermatitis are currently skin
tested (epicutanecous patch test) to verify whether the dermatitis is of allergic origin.
Present skin test parameters are based on erythema, induration and vesiculation of the
reaction. It is sometimes difficult to differentiate between allergic and irritant
reactions at the time of patch test reading. Another disadvantage of pateh testing is
the risk of sensitization during the test. To solve this problem a suitable test to
establish the ev vivo individual sensitivity for a specific contact allergen could be
hetpful. A routine test to establish the individual predisposition to he sensitized in the
future is also not available yet. Workers take the risk of sensitization during their
work. Therefore, the development of a suitable test to establish the individual
predisposition could be of great value in occupational health practice.

The diagnostic use of blood samples and/or human skin in iz vifre tests have not
obtained a routine status to establish the ev vivo individual sensitivity or predict the
predisposition to be sensitized in the future for a specific contact allergen. The search
for an adequate ex wvo test has started. Immune-deficient mice are widely used for
human skin graft experiments. They accept grafts from many human skin diseases such
as psoriasis, cutaneous lupus, pemphigus and vitiligo. They can be reconstituted with
human PBL's (full house mouse). To develop an adequate human-skin-grafted-
immune-deficient-mice model for allergic contact dermatitis many experiments should
be designed. In our study, we have focussed on the prerequisites of such a model; the
persistence of human antigen presenting cells for the uptake of allergen and
migration, the persistance of human antigen specific T-cells and non-specific T-cells in
the graft or circulation during several weeks, and signals for homing or recruitment of
human T-cells to the human skin graft after challenge.
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1.2 AIM OF THE STUDY AND INTRODUCTION TO THE CHAPTERS

The aim of the studies presented in this thesis was to find a differentiation marker
between allergic and irritant contact dermatitis, and to develop an ex vivo model to
establish the individual sensitivity, or predisposition to be sensitized in the future, for
a specific given allergen.

Special emphasis was put on the development of antibody and probe based in sifu
detection methods to analyse cytokine protein and mRNA profiles in skin tissue
respectively, Therefore chapter 2 presents the in sift approach. Basi¢ information is
given. The variety of immunohistochemical methods and in sif hybridization methods
that have been used for demonstration of cytokines and cytokine-mRNAs in different
human tissues are described (chapter 2.1). The specificity controls for primary
antibody and regular procedure controls in cytokine detection are listed and described.
The advantages and disadvantages of cach immunohistochemical and i sitn
hybridization method are evaluated. Furthermore, the selection of the method of
choice for cytokine protein as well as cytokine-mRNA in sity detection is discussed,

The usefulness of the two step indirect immunchistochemical approach with
unlabelled primary antibody to detect cytokine producing cells is demonstrated in the
human tonsil (chapter 2.2}, The localization of cytokine and antibody producing cells
in human palatine tonsil is described. The implications of these findings with regard to
T-B cell interactions taking place in the extrafollicular area of human palatine tonsils
is discussed.

Based on the selections as proposed in chapter 2 the two step indirect
immunohistochemical detection method with unlabelled primary antibody is also used
for the in situ cylokine analysis (IL-la, TNF-o, IFN-y, I1-2) in human contact
dermatitis in chapter 3.1 and 3.2. In chapter 3.3. different antibody based detection
methods dependent on the cytokine (IL-1B, IL-4 or IL-10) were applied to visualize
the presence of cytokine producing cells. To find a differentiation marker between
allergic and irritant contact dermatitis the local cytokine profiles in skin biopsies from
allergic and irritant patch test reactions are determined by immunohistochemistry and
int sitie hybridization. The frequencies of IL-le, 1L-16, IL-2, IL-4, 1L-10, TNF-¢ and
IFN-y producing cells are investigated.

Specifically activated T-cells are present in allergic contact dermatitis, Our in vivo
mouse studies revealed that activated T-cells express CDd0 ligand in thymus
dependent responses. In addition, it is known that cultured human Langerhans cells
express CD40 antigen. In chapter 4, we determined the kinetics of appearance of
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CD40 ligand, CD40 positive cells and cytokine producing cells in a delayed type
hypersensitivity (DTH) response in murine skin using immunchistochemistry. The
detection of CD4G ligand and CD40 positive cells in human allergic contact dermatitis
is described. Until now CD40 ligand-CD40 interaction was suggested to be important
in mainly humoral immune responses. In this chapter, the functional role of CD40
ligand-CD40 interaction in ear swelling (cellular immune response) is investigated and
compared to the role in specific local antibody production (humoral immune
response) after skin exposure to a contact allergen in mice. The implications of these
new findings with regard io CD40 ligand as possible marker to differentiate between
allergic and irritant contact dermatitis in man is discussed,

The epicutaneous patch test provides a sensitive methodology for diagnosing
hypersensitivity in man. A suitable in vivo or in vitro test to establish the ex vive
individual sensitivity or predisposition to be sensitized in the future for a specific
contact allergen is not available. We starled the search for a human-skin-onto-
immune-deficient-mice model that retains the possibility to develop an allergic contact
dermatitis reaction, The main events in the induction or sensibilization phase are the
association of the allergen with MHC class II molecules present on antigen presenting
cells "Langerhans cells" and migration of these allergen-carrying Langerhans cells to
the draining lymph node. In chapter 5 it is determined whether the functional activity
in a contact sensitization response in a human-skin-graft-onto-nude-mice model is
affected at the level of antigen uptake by human Langerhans cells and human
Langerhans cell migration (chapter 5.1). Furthermore, it is investigated whether
human antigen presenting cells expressing MHC class IT molecules are still present in
the human skin graft after transplantation, The migration capability of these human
antigen presenting cells is studied after RITC application on the human skin graft,
The frequencies of RITC-carrying and human MEC class 1T positive cells are
determined in the draining lymph nodes before and after RITC application on the
skin graft using /n sity immunohistochemicat staining methods.

The persistance of antigen specific T-cells and non-specific T-cells in the graft or
circulation during several weeks, and signals for homing or recruitment of human T-
cells to the human skin graft after challenge are additional prerequisites in a human-
skin-onto-immune-deficient-mice model for allergic contact dermatitis, In the efferent
phase, Langerhans cells present the antigen to T-cells in the skin in order to initiate
an appropriate antigen-specific immune response with cellular infiltration in the skin,
In case of a human-skin-onto-immune-deficient-mice mode] it is investigated whether
T-cells present in the skin or eirculation have the capability for homing and
recruitment to the human skin graft after challenge. Therefore, in chapter 5.2 the
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possibility to imitate the efferent phase in a human-skin-onto-mice model is described.
Biopsies are obtained from allergic affected skin sites and grafted onto the immune-
deficient mice. It is investigated whether T-cells and other characteristic human
antigens are still present in the human skin graft 2 weeks after transplantation, The
expression of human CD3, MHC class I and II molecules and adhesion molecules in
the human skin graft on immune-deficient mice two weeks after transplantation and
specific allergen application is analysed (chapter 5.2).
In chapter 6 the main points emerging from the experimental studies are discussed.
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1. Introduction

Cytokines are extremely potent glycosylated
proteins, acting as biological chemical messen-
gers. Cylokines are known under a varicty of
other names, such as lymphokines, monokines,
interleukins (IL), growth factors, interferons
(IFN) and tumor nrecrosis factor (INF), based on
their source or their role in the communication
between cells, Cytokings are produced by a vari-
ety of cell types of both hematopoietic and non-
hematopoietic origin, and are preduced when and
where they are needed. Cyilokines form a partly
degenerated system in that they can deliver dif-

Abbreviations; AP, alkaline phosphatase; HRP,
horseradish peroxidase; APAAY, phosphatase-anti-alkaline
phosphatase; PAP, peroxidase-anti-peroxidase; 1L, inter-
leaking TNF, tumor necrosis factor; IFN, interfezon; tg, im-
munoglobulin; TNP trinitrophenyl; ¢, complementary; NBT,
nitro blue tetrazolium; BCIP, S-bromo-d-chlero-3-indolyl-
phosphate; AEC, 3-amino-9-ethylcarbazole; DAB, 3,3"-di-
amincbenzidine,

* Corresponding author. At; P.O. Box 2215, 2301 CE, Lei-
den, Netherlands. Tel.: +3-71181276; Fax: +31-71 181901 ,

ferent specific messages to one cell, or bring the
same message to different cells. The way this
message Is interpreted depends on the cytokine,
its receptor, which cell it acts on, and what other
messages that particular cell is receiving at the
same time. Cytokines may regulate production of
their own receptor, secondary messengetrs, prohif-
eration, diffcrentiation, and effector aspects of
target cells (Balkwill, 1993; Romagnani, 1994;
Callard and Gearing, 1994), Furthermore, they
are important in ncoplastic transformation, de-
struction, repair, remodelling of tissue and de-
fence mechanisms. I, TNF, platelel-derived
growth factor, and transforming growth factors
are known (o mediate processes in many infec-
tious and inflammalory diseases invelving organ
systems such as the pulmonary, gastrointestinal,
renal, and musculo-skeletal systems, Further-
more, cylokines are important in foreign-body
granulomatous reactions, such as silicosis and as-
hestosis (Jiranek et al,, 1993),

Both in vitro and in vivo approaches are used
to increase our knowledge of the role of cytokines
in human tissue, In vitro rescarch uses fools to
determinate which individual factors and cells

Q022-1759 /95 /809,50 © 1945 Elsevier Science B.V. All rights resenved

SSDINON22-1759(95)00122-4
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may be required for cell activation, proliferation,
and differentiation. In vitro research intrinsically
disregards the complex organization of human
organs and tissucs. It reflects the full potential of
cells and factors under defined, and sometimes
artificial circumstances, whereas in vivo research
reflects what cells and factors are actually doing
at a given moment. Experiments with modulating
agents in man, e.g. cytokines, newtralizing anti-
bodies or agonists and antagonists are typical
examples of in vivo cytokine research. In vivo
research can also be based on in situ techniques,
such as immunohistochemistry and in situ hy-
bridization {(ISH), which allow the in vivo study of
the focalization, activity, and interactions of vari-
aus cells and cytokines in relation to their direct
unchanged original microenvironment. This can
be achieved with all types of tissue af any given
moment, provided biopsies can be taken, without
inducing artefacts by manipulations such as cell
separation and culture. These and other advam-

Table 1

tages are listed in Table 1. Disadvantages include
the fact that quantitative results are rather labori-
ous to procure. In addition, the interpretation of
cell-cell interactions and identification of tissue
compartments require specific training.
Regulation of immune responses by cytokines
is mainly a local and strongly compartmentalized
process, and therefore in most studies immuno-
histochemical and /or ISH methods are desirable
to investigate the localization of cylokine produc-
ing cells at the single cell level. The choice of a
specific detection method is based on the individ-
ual needs of the laboratory, such as the type of
specimen and molecular structure being investi-
gated, the degree of signal {o ‘nois¢’ ratio, the
processing time, safety, and costs. Here we dis-
cuss a few typical examples of methods for the
detection of human cytokines in tissue sections
using antibody as well as the probe based meth-
ods, currently used. Although we will limit our-
selves to the discussion of immune system regula-

Adlvantages of cylokine and cytokine-mRNA delection in tissue sections *

Detection levet

1 Detection of rare cylokine producing cells (1 in 10°-107)

2, Lretection of cytokine producing cells with low cytokine production levels or blacked secretion

3 Real time analysis (sample frozen within seconds)

4. No cell or tissue manipolation such as cell preparation and (pre-Jeelture (induction of *background’ synthesis)

Detection and localization

L Determination of anatomical localization in tssue compartments
2. Determination of clone size
k) Potential for quantification of cytokine praducing cells

Detection and contbinations of methods

L. Louble simultaneous immunohistechemical detection of multiple antigen specificities in a single sample
{with antigen, antibody or other cells)

2, {Combination immunohistochemisiry with ISH

3, Combination of ¢ytokine detection with enzyme histochemistry {for endogenous enzymes

e.g. atid phosphatase for macrophages)

4. Sequential application and analysis of cross-reaciive (re-Jagents is possible

Derection wnd sotirce

1. Small sample size (biopsies) possible

2. Mounted stained slides provide permanent record of results

3 Use of archive materiul, retrospeciive studies, possible

4, Use of frozen tissue is convendent for timing in experimental design

* As compared to cytokine detection in body fluids, isolated cells, and in vitro pssays,
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tory cytokines IL-1, IL-2, 11.-4, TL-5, 1L-6, IL-§,
1E.-10, TFN-y, and TNF-q, the methods deseribed
are or may also be applicable to other cytokines.

2, Antibody based cyfokine detection
2.1 Invnunohistochemistry

Immunohistochemical methods permit [ocal-
ization of defined structures through a classical
antibody-antigen reaction. The antibody-antigen
reaction can be visualized in varicus ways using
reporler molecules such as fluorechromes or en-
zymes (with their specific substrates and chro-
mogens). In general, immunohistochemical stain-
ing involves fixation, incubation of antibodies
and/or other reagents, and visualization of the
reporter molecules.

When using immunohistochemical methods
tissues and/or fissue sections are fixed, and
somelimes pre-lreated in a microwave oven or
treated with proteolytic enzymes to facilitate pen-
etration of andibedies or other reagents necessary
for detection and staining. Recently, Andersson
and Andersson (1994) have reported that incuba-
tion using saponin improves tissue accessibifity
and this is improving the success of cytokine
staining. One should always be aware thal epi-
topes present on the antigen can be changed or
damaged using tissue preparation methods, The
fixation of tissuc sections is a erucial point, be-
cause the antibody necds {o penectrate the tissue
and cell membrane to detect intracellular cy-
tokines, The fixation method should not result in
formation of neo-determinants on the cytokine
{pratein). In this regard acetone fixation is the
optimal fixution method for immunohistochemi-
cal purposcs {(Laman ct al,, 1991), and therefore
is frequently used. Acetone induces a very mild
fixation based on coagulation since the proteins
in the acetone fixed tissue become insoluble after
precipitation, There is no cross-linking, no neode-
terminants are formed and a low diffusion barrier
is provided since the cell membrane becomes
permeable by lipid extraction, The morphology of
the tissue is less well preserved (but still well
within acceptable limits) in acetone fixed cryostat

sections as compared to sections from formaulin
fixed paraffin-embedded tissue,

In the case of formalin fixation fs induced by
the addition and conjugation which resulls in
cross-linking and a high diffusion bacrier. No
coagulation and no lipid extraction take place. To
enhance the detection of antigens in paraffin
sections pre-treatment in a microwave oven or
treatment with proteolytic enzymes is frequently
used.

For the detection of cytokine producing cells
liquid nitrogen frozen tissue and acetone fixed
cryostat sections are predominantly used because
of the aforementioned advaniages of this method.

2.2, Antibody based methodology

Monoclonal and palyclonal ansibodies specific for
human cytokines

Mouse, rat, rabbit, goat and/or sheep can be
immunized with the ¢ylokine protein in the pres-
ence of adjuvant, However, species homology in
cytokine sequences can give problems ie. unre-
sponsiveness to the complete cytokine protein.
An option is to elicit antibodies with synthetic
peptides selected after analysis of tentative anti-
genic sites in the amino-acid sequence. With this
method antibodies can be developed avoiding
species homology problems (for review see
Boersma et al,, 1993), The handbooks ‘Current
Protocols in Immunology’ (Coligan et al., 1994)
and the ‘Antibodies: A Laboratory Munual’
{Harlow and Lane, 1988) provide details on the
development of antibodies in general.

A variety of monoclonal and polyclonal anti-
bodies aguinst humun cytokines are frequently
used for immunchistochemical purposes (Table
2). In general, monoclonal antibodies are prefer-
able for cytokine staining, since they tend to give
less background than polyclonal antisera, Cy-
tokine specificity is established using immunologi-
cal assays, including a neuwtralization assay, im-
munoblotting, and immunoprecipitation. How-
ever, only rarely are untibodies evaluated for use
and specificity in an immunohistochemical assay.
In order to find an antibody suitable for staining
on fixed tissues numerous different antibodies
have to be screened,



In situ cytokine detection methods

21

S. Hocfakker et al. / Jowrnal of Bunnological Methods 185 (1995) 149-175

Table 2
Anti-human cytokine antibodies used for immunohistochemisiry
Cytokine Antibody Species Source References
IL-1e Vhpls Mouse IRIS Depariment of Ruco et al., 1989,1990;
Immunopharmacology, Hoefakker et al., 1992,1993,1995
Siena, Haly
LP-710 Rabhit Genzyme, Cambridge, Yoshioka et al., 1993; Hansen et al,, 1991;
MaA, USA Ruco et ai., 1990; Heufelder and Bahn, 1993
IL-138 Vmp2i Mouse RIS Department of Ruco et al., 195
Immunopharmacology, Hoefakker et al., 1992,1593,1495
Siena, taly
mAb 2 Mouse Upjohn., Kalamazoo, Koch et al., 1992; Chensue et al,, 1992
MI, USA
02-1025 Mouse (Igh1) Cistron Bijotechnology, Prens ot al,, 1990; Cooper et al., 1990;
Fine Brook, NJ, USA Wood ct af,, 1992z; Anttila et al,, 1590
LP-712 Rabbit Gennyme Yoshioka et al,, 1593; Hansen et al,, 1991;
Noroanha et al., 1593
(2-1100 Rabhit Cistron Asano et al., 1991; Anttila ¢t al., 1990
H-2 DMS-1 Mouse Genzyme Hoefakker et al., 1992,1993,1995;
Sato et al., 1993
IL-4 iR and 4D9 " Mouse Ciba-Geigy, Busel, Bradding et al,, 1993,1994
Switzezland
1842-01 Mouse Genzyme Hoefakker et al., 1992,1993,1595
1.8 mAb7 and mAbS®  Mouse Glaxo, Greenford, Bradding et al., 1993,1994
Middlesex, UK
1IL-6 104-B311, 83-59 Mouse Glaxo Bradding et al., 1993,19%4
and 32£[2 ©
LP-71& Rabbit Genzyme Yoshicka et al,, 1993; Tyor et al., 1992
IL-10 MCAYG26 Mouse Serotee, Oxford, Heefakker ¢t al,, 1992,£993,1995
England
IFN-y MD-2 Mouse Biosource, Int., Hoefakker et al.,, 1992,1993,1995
Camarille, CA, USA
pAb Rabbit Genzyme Tyor ct al.,, 1992;
Heufelder and Bahn, £993
TNF-a 61E71 Mouse Dr. W. Buurman, Hoefakker et al, 1992,1993,1595
Maastricht
MTN-1 Mouse Hayashibara Biochemical — Yoshioka et al., 1993;
Laboratories, Okayama, Misaki et at,, 1992
Japan
mab Mouse Genentech, South Hofman and Hinton, 1992;
San Frarncisca, McCall et al,, 1989
CA, USA
CD 0oos Mouse Celltech, Noronha et al,, 1592,1993
Berkshire, UK
Bi1542,6,7,9 Mouse Wistar Institute, Ruco et al, 1989 Mumphy et al., 1992,
and 10 Philadelphia, PA, USA Hoffmann ¢4 al,, 1993
THNF-E Mouse Boehringer Institute, Arnoldi et al,, 1990;
Vienna, Austria Kretschmer et al,, 1990
P30 ¢ Rabbit Genzyme Heufelder and Bahn, 1993;

Sasaguri et al., £992;
Tillic-Ecblond et al,, 1994;
Tsuchida et at, 1992

Al the antibodies are used on civestat sections from liguid nitrogen frozen tissue.

* Only tested on paraffin secticns.

b Only tested on sections from GMA embedded tissue.
© Tested on both cryostat as well as paraffin sections.
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When cells in tissue sections are stained with
anti-cytokine antibodies, the specificity of the an-
tibody (Table 3} and staining controls (Table 4)
which establish the efficiency of the staining pro-
cedure under the conditions of the assay must
always be tested.

Specifivisy controls for primary antibody in cy-
fokine detection

In performing in situ analysis of cytokines on
tissue sections one of the main problems encoun-
tered is the specificity of the primary antibodies,
i.e, the cross-reaction of the antibody with non-
cytokine epitopes in the fixed tissue, producing a
false positive result. The essential finmunohisto-
chemical specificity controfs for cytokine detee-

Table 3

tion, in order of importance, are listed in Table 3.
To evaluate an anti-cytokine antibody in an im-
murochistochemical assay the antibody has, first
of all, to be titraied. Titration of each individual
antibody is mandatory since the use of antibody
which is too dilute as well as antibody which is
too concentrated will result in weak or negative
staining {compare with prozone effect in ELISA).
Furthermore, the avidity of the binding between
the primary and the secondary antibody, depen-
dent on the concentration of the secondary anti-
body used and the frequency of immobilized pri-
mary antibody in the tissue, proves to be impor-
tant in signal amplification. Using the optimal
concentration of the secondary antibody two times
more isotypic determinants as well as hapten

Specificity controls for primary antibody (Ab) in ¢ytokine detection in direct and indirect immunochistochemical staining methods

Method Result Denmonstrates Does nol exclude
1. Dosc response curve of the primary  [Ab] dependent staining  Antibody and dilution dependent  Cross-reactivity ¢
antibody staining (optimum  concentration

{20 pg/ml}

2. Competition with unlabelled pri-
mary anlibody with the same antigen
specificity bud different epitope 2%

3. Doeuble staining with labelled pri-
mary antibodies with the same anti-
gen specificity but different epitope
i, one primary aniibody revealed
with enzyme X and the other with
enzynie Y on one section)

4, Competition of the primary anti-
body with antigen (section) ®

5. Preincubation of the primary anti-
body with antigen (tubg) *

6. Comparing the staining of the anti-
body specific for the cylokine with
preimmune seritm or normal pooled
serum of the same species ©

7. Double staining for phenotype

dependent staining

Duuble stained cells

dependent staining

dependent staining
no staining

Dooble stained cells
8. To study the antigen expression  Staining
with the primary antibody in tissue
during immune responses (kinetics) *
9. To study the corresponding cy-
tokine mRNA expression

Staining

Reduced staining [Ab]

Reduced staining [Ab]

Reduced staining [Ab]

Tissue antigen
cross-reactivity ¥ by

Detection of same antigen, confirms
antigen specificity of Abs

hoth Ahs
Detection of same antigen, confirms  Tissue  antigen
antigen specificity of Abs cross-reactivity ¥ by
both Abs

Tissue antigen
cross-reactivity 9
Tissue antigen
cross-reactivity ¥
Tissue antigen
cross-reactivity

Aantigen recognition after tissue
preparation
Antigen recognition

Preimmune serum €onfains no spe-
cific or cross-reactive antibodies

Tissue antigen
cross-reactivity ¥
Tissue aatigen

cross-reactivity ¢

Cell pheratype dependent sfaining

Time dependent staining Indication
of specificity

Tissue antigen
cross-reactivity 9

Indication of specificity

2 Not feasible with polyclonal antibodies,
* Dose-response curves are used,

4 Controls applicable in enly the methods based on unlabelled primary antibody.
* Tissue antigen cross-reaclivily means cross-reactivily of simullancous emerging cross-reactive epilopes.
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molecules bind to the same secondury antibody
based on the presence of two antigen binding
sites per antibody (this is comparable to the hook
effect in ELISA), The relation between the stain-
ing intensity and the optimum antibody concen-
tration {5-20 pg/ml) found in the dosc response
staining curve gives an indication of whether it is
possible to use the antibody in immunohisto-
chemvical assays,

Control of cross-reactivity of the primary anti-
body with non-cytokine epitopes present in the
tissuc is cssential. For example, in recent experi-
ments using frozen spleen sections of trinitro-
phenyl-Ficoll immunized mice we found positive
staining with a monoclonal antibody against
mouse TNF-, However, this staining could be
blocked by adding irinitrophenyl-glycine and by a
manaoelonal antibody against trinitrophenyl, From
these results we concluded that the monoclonal
antibody against TNF-« also recognized the com-
pletely unrelated molecule trinitrophenyl, Only
by competition with antigen or a second mono-
clonal antibody (not recognizing trinitrophenyl}
directed against a different antigenic determinant
of TNF-ov were we able to show that the staining
observed with the first antibody was non-specific.

Compctition of the antibody (labelled) used
for cytokine detection on the tissue section with a

second monoclonal antibody (unlabelled) with the
same specificily provides the best specificity con-
trol. Double staining with two monoclonal anti-
bodies with the same antigen specificity, recogniz-
ing an epitope close to the epitope recognized by
the first antibady, could also be used as a speci-
ficity control. However, two monoclonal antibod-
ics with the same antigen specificity and both
suitable for use in immunohistochemistry are
rarely available,

The antigen spccificity of an antibody can also
be tested by competition of the antibody with
cytokine present in the tissue section and highly
purificd cytokine antigen added to the scction
after tissue preparation. Sccondly, pre-incubation
of tie primary antibody with antigen (in the test
tube} before tissue application to the tissue is
another option for testing antigen specificity,

Pre-or non-immune pooled antiserum can only
be used as a control for non-specific binding but
this does not give any information on the speci-
ficity of the primary antibody. Upon staining with
the aifinity absorbed antibody or pre-or non-im-
mune poeoled antiserum it is still possible that
cells can stain for a non-specific protein in the
tissue due to antigen cross-reactivity.

When antigen cross-reactivity is cxpected, dou-
ble staining of cytokine producing cells with an

Table 4

Repular procedure controls for immunchistochemical cytekine detection

Control Method Demonstrates

Tissue Positive tissuc in which detection is ensured  Tissuc specific staining

(e.g. tonsil for cylokines)

Negative tissue in which antigen is not present

Primary antibody

Isolype matched relevant antibody {(antigen pre-

sent in tissue section)

Isolype matched irrelevant antibody {antigen
ot present in §{ssue section)

Secondary reagents used after
primary antibody but before
histechemical revelation @

chemical revelation

Histochemistry Substrates only

Subsequent different histochemical revelations

Absence of primary antibody

Absence of secondary reagents before histo-

Tissue specific staining

Non-specific staining due (o secondary
reagents (back-ground)
Vatidity of protocot

Any non-specific staining due 1o reagents

Non-specific staining due to sccondary
Teagents

Non-specific staining. Endegencus en-
zyme activity
Incampatibility of techniques

* Contrals applicable in only the indirect methods.
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antibody against a known cell marker could pive
an indication of the amtigen specificity of the
cytokine staining. tn addition, the in vivo kinetics
of cytokine producing cells may help to differenti-
ate between specific and non-specific cytokine
staining due to evident differences in the number
of cytokine producing cells at different time points
(Van den Eertwegh et al, 1991), To confirm
antibody based results with respect to one purtic-
ular cyiokine, probe based detection of corre-
sponding mRNA can be simultantcously per-
formed (Foefakker et al,, 1995).

Aidthough much emphasis is placed on controls
pertaining to the staining as a whole, we feel that
more slress should be placed on the actual im-
munohistochemical properties of specific primary
antibodies,

Regular procedure controls

Day to day procedure controls for immuonohis-
tochemical cytokine detection are listed in Table
4. To establish the correctness of the staining
procedure and pardicularly to ascertain the ab-
sence of non-specific reactions of the chemicals
and reagents used for cytokine detection an irrel-
evant isotype matched antibody (of the same im-
munoglobufin (Ig) class) for an antigen not pre-
sent in the tissue under investigation has to be
used as a negative primary antibody control. Tnt
order to dentonstrate positive results in a particu-
far tissue, the sections are incubated with a rele-
vant antibody for a non-cytokine antigen present
in the tissue wunder investigation (isotype
matched), Fissues that do not contain the specific
cytokine and tissues that contain the cytokine
should be used as negative and positive tissue
controls respectively, These tissue controls should
reveal the correct distribution of reactivity and
non-reactivity respectively {Boenisch et at., 1989),

Omission of the primary anti-cytoking anti-
body can only be used to exclude non-specific
backgroond staining due to secondary reagents.
To decrease cross-reactions of secondary reagents
with endogenous immunoglobulins only antisera
absorbed with human immunoglobulins should be
used. In addition, application of the substrates
and chromogens only is necessary for histochemi-

cal revelation of non-specific staining due to en-
dogenous enzyme activity,

Immunohistochemical detection of a specific
cytokine in human tissue in general provides posi-
tive cytoplasmic staining with or without evident
typical Golgi staining for cytokine producing cells
{dependent on the cytokine), but not target celis,
which have absorbed or endocytosed the cy-
tokine, The possibility that cytoplasmic staining
represents uptake of the specific cytokine rather
than production, can be ruled out using the
method of Andersson et al. (1986), These authors
observed that incubation of mononuctear cells
with high concentrations of 1FN-y did not lead to
any detectable IFN-y staining. Similarly, no stain-
ing should be observed in tissue supplied with
cytokines or tissue sections after incubation with
different concentrations of cytokines.

Extracellular and membrane bound cylokine
staining are generally not observed, possibly duc
to the relatively low cxtracellvlar concentration of
cytokines and membrane bound specific cytokine
receptors, The inability of the primary antibody
in the immunohistochemicul detection methods
to detect receptor-bound ‘membrane’ cytokine
may be due to the masking of epitopes resulting
from steric hindrance by the receptor.

Since there are many different immunohisto-
chemical detection steps in which non-specific
staining or background staining could be gener-
ated, the staining protocol has to be evaluated
again when any step is changed,

2.3. Antibody based methods to visualize the pres-
ence of cytokine producing cells

The simplest cytokine-protein detection
method is the direct method based on anti-cylo-
kine antibodies labelled with enzymes or fluo-
rochromes. In more complex technigues, includ-
ing amplification steps, the cytokine producing
cells are demonstrated by staining based on dif-
ferent indirect detection methods. As shown in
Fig. | several indirect detection methods have
been developed using isotypic determinants or
species specificity or haptens present on the
anti-cytokine primary antibody or on the sec-
ondary antibody. During the Iast incubation sicp,
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Fig. 1. Immunchistochemical staining methods to demonstrate cytokine producing cells. 4: direct method based on an enzyme-or
fluorochrome-labelled antibody. B: indirect method based on an unlabelled primary antibody and an isotype or species specific
enzyme-or fluorochrome-labelled secondary antibody. C: indirect method based on a hapten-labelled primary antibody and a
hapten specific enzyme-or fluorochrome-labelled secondary antibody. D: indirect method based on a bictinylated primary antibody
and streptavidin-conjugated to enzyme or {luorochrome, E: indirect method visualized with soluble enzyme-anti-gnzyme immune
complex. F: indirect method based on three steps included anti-cytokine antibody, isotype or species specific biotinytated
secondary antibody, and streptavidin conjugated to enzyme or fluorachrome. G: indirect method based on three steps included
anti-cytokine aniibody, isotype or species specific biotinylated secondary antibody, and a complex consisted of several streptavidin
molecuies conjugated to biotinylated enzyme molecules. B-D: two-step procedures, £-G: three-step procedures.

enzyme or fluorochrome labelled reagents are
used. Both in the direct as well as in the indirect
detection methods the enzymes are visualized
histochemically and the fluorochromes are de-
tected by fluorescent microscopy. The advantages
of using enzymes over fluorochromes were re-
viewed by Claassen et al. (1986). The main advan-
tage is the possibility of studying the histology of
the tissue without autofluorescence and fading
problems. This section describes different cy-
tokine staining methods, and subsequently the
advantages and disadvantages of each method.

‘Table 5 Hsts the in situ immunohistochemical
methods used for the detection of human cy-
tokines, the indirect three step method based on
the streptavidin-biotin interaction is the most
commonly used cyiokine staining method fol-
lowed by the indirect three step soluble enzyme
immune complex method. Furthermore, the
methods used include the indirect two step
method with an unlabelled primary antibedy and
an enzyme-or fluorochrome-labelled secondary
antibody, and the indirect method using biotiny-
lated primary antibodies and enzyme-or fluo-
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Table §
Cytoking indirect immunohistochemical staining methods
Cytokine Tndirect method Studies

iL-1a /B Unlabelled primary antibody ‘Tyor et al,, 1992; Hoefakker et al,, 1992,1993; Emilie et al,, 1992c;

Preps ¢t at, 1990; Didiegean et al., 1989; Simon et al,, 1993; Hofimano et al., [993;
Caooper et al, 1990; Yoshioka et al., 1993; Fielding et al,, 1993

Biotinylated primary antibody Zheng et al,, 1991; Chu et al., 1992

Soluble enzyme immune complex  Tipping and Hancock, 1993; Sasaguri et al,, 1992; Ruco et al,, 1989,1950;
Kiristensen et al,, 1992; Anttila et al,, 1990; Noronha et al., 1943;
Amoldi et al., 1990

Streptavidin-biotin 3 steps Graeber et al,, 1993; Oxholm et al,, 1988,1991; Ruca el al,, 1989,1990;
Hunsen ct al,, 1591; Heufelder and Bahn, 1993; Didierjean et al., 1989;
Sato et al,, 1993; Tyor et ul,, 1992; Anttita et al., 1990; Woed et al,, 1992a;
Simon et al., 1993; Koch et al,, 1992; Chensue et al., 1992; Asano et al., §991;
Umehara et al., 1994, Jiranck et ak., 1993; Ofson ct al., 1993;
Andersson and Andersson, 1994; Andersson et al,, 1994

1L-2 Unlabefled primary antibody Heefakker et al,, 1992,1993; Howell et al., 1991
Streplavidin-biotin 3 steps Salo et al,, 1993; Ruan et al,, 1992; Andersson and Andensson, 1994
1L4 Streptavidin-biotin 3 steps Bradding et af,, 1993,1994; Andersson and Andersson, 1994
1L-5 Soluble enzyme immune complex  Dubucquoi et al,, 1994
Streptavidin-biotin 3 steps Bradiling ct al,, 1993,1991; Andersson and Andersson, 1994
IL-& Unlabelled primary antibody Neuner et al,, 19%1; Fukatsu ef al., 1991; Tyor et al,, 1992; Frens et al., 1990;

Strauss ¢t al., 1592; Yoshioka et al., 1993; Gogesev et al,, 1593;
Raasveld et al., 1993
Bigtinylated primary antibody Chu et al, 1992; Zheng et al., 1991
Soluble enzyme immune complex  Leger-Ravet et al., 1991
Streptavidin-hiotin 3 steps Osholm et al., 199E; Miles ct al., 1990; Emilie ¢t al,, 1992b; Grossman et al., 1989;
Romero and Pincus, 1992; Umehara et al,, 1994; Graeber et al., 1993
Tyor et al., 1992; Velkeniers et al,, 1994; Bradding et al., 1493,1994;
Castells-Rodellas e1 al., 1992; Ruan et af,, [992; Koch et al., 1993;
Andersson and Andersson, 1994
IE-8 Unlabelled primary antibody Nickoloff €1 al,, 1991; Yoshioka et al,, 1993
Streptavidin-biotin 3 steps Stickerling et al,, 1992; Smith et ul,, 1994a; Schmouder et at., 1992;
Bradding et al., 1993; Koch et al,, 1993; Nickoloff et al., 1991
Anttila ed al,, 1992; Graeber et al,, 1993; Chimoya et al,, 1992;
Andersson and Andersson, 1994
iL-10 Unlabelled primary antibady Emili¢ et al., 1592¢
Streptavidin-biotin 3 steps Smith et al,, 1994b
[FN-y Unlatelled primary antibody Tyor et al., 1992; Hoefakker et al,, 1992,1993; Brett et al., 1992
Biotinylated primary gatibody Zheng et at., 1992
Soluble enzyme immune complex  Arnoldi et al., 1990; Noronha ct al,, 1592
Streptavidin-biotin 3 steps Heofelder and Bahn, 19%3; Tyor et al, 1992; Umchara et al., 1994;
Szto ef al., 1993; Asano et al,, 1991; Ruan et al., 1992;
Andersson and Andersson, 1994
TNF- Unlabelled primary antibody Tyor et al., 1992; Hoclakker et al., 1992,1993; Nickoloif i al,, 199];
Gonzalez-Amaro ct al, 1994 Hoffmann et al., 1993; Tsuchida et al,, 1992;
Yoshicka et ul,, 1993; Gogesev et al., 1993
Biotinylated primary antibady Chu et al,, 1992; Gonzalez-Amara ¢t al., 1994; Zheny et al,, 1992
Soluble enzyme immune complex  Amoldi ct at., 1990; Noronha et al,, 1592,1993; Ruco et al., 1989;
Kretschmer et al,, 1994; Tipping end Hancock, £993; Sasaguri et af., 1992;
Gonzalez-Amaro et al., 1999
Streptavidin-bietin 3 steps Tyor el al., 1992; Oxsholm et ol,, 1988,1991; Murphy et al., 1992;
Tilfic-Leblond e1 al., 1994; Graeber et al,, 1993; Flofman and Hinton, 1992;
Heufelder and Bahn, 1993; Braddiog el al., 1994; Nickoloff et al., 1991,
Ruco et al., 1989; Asano ct al,, 1991; McCall et al., 1989; Fan ef al,, 1993;
Gonzalez-Amaro et al., 1994; Misaki et al., 1992; Umehara et al., 1994
Tabibzadeh, 1991; Takeyama et al., 1991; Sato ct al., 1993;
Olson et ad,, 1993; Hunt et al,, 1992; Reis et al,, 1993;
Andersson and Andersson, 1994
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rochrome-labelled streptavidin. The success of in
situ detection depends on numerous factors, in-
cluding the cellular cytokine concentration, the
preservation of the cytokine protein, the proper-
ties of the primary antibody, the type of detection
method, and the signal to ‘noise’ ratio of the
method.

Direct tn situ detection method

Direct detection requires enzyme labelled
anti-cytokine antibodies (A in Fig. 1). Enzyme-
labelled anti-cytokine uantibodies to detect cy-
tokine producing cells in mouse tissue sections
were used by Van den Eertwegh et al. (1991). For
cxample horseradish peroxiduse(HRP)-or alka-
line phosphatase{AP)-labelled antibodies against
murine IFN-y revealed positive cells in spleen
tissue sections from mice immunized with TNP-
Ficoll. In contrast, only with a few direct
enzyme-labelled monoclonal antibodies could cy-
tokinc specific staining be observed in human
tissue sections (tonsil, skin). AP-labelled mono-
clonal antibody against 1L- 1 e, but not AP-labelled
monoclonal antibodies against 1FN-y, 1L-2 or 1L-4
permilted us to demonstrate cytokine producing
cells in a direct detection methed in contact
allergic skin sections, Coupling AP (o the primary
anti-cytokine antibodies was performed as de-
scribed by Claassen and Adler (1988). Ker-
atinocytes arc a source of abundant TL-1a pro-
duction and therefore could give positive staining
using a direct AP-labelled monoclonal antibody
(E and F in Fig. 2). In human tissues from which
biopsies are taken during a resting stage or after
a weak immune response a relatively poor expres-
sion of cytokines is expected compared to the
cytokine production in the tissues of immunized
mice. Since the detection level is dependent on
the intracellular concentration of the cytokine
produced and signal amplification is absent using
the direct method, the deteciion of cytokine pro-
ducing cells in human tissue wsing a direct method
could be a practical probtem.

Basically, the advantages of the direct method
are simplicity, relatively low costs and a short
procedure time {one step). Furthermore,
enzyme-labelfed antibodies can be used success-
fully for double staining if a high intracellular

concentration of the cytokine is present, The
disadvantage is that there is no signal amplifica-
tion which results in low to inlermediate signal to
‘noise’ ratios, Direct labelled antibodies are not
commerciatly available but a number of simple
coupling procedures to label the specific antibod-
ies have recently been described by Claassen and
Jeorissen (1995a). The immmunodecoration
method was performed as described in detail
clsewhere (Claassen and Jeurissen, 1995a,b;
Jeurissen et al., 1995),

Tndirect in sit detection methods

Two-step indirect immunohistochemical detection
methods. Tn this method to detect cytokines in
situ, an untabelled or hapten-labelled anti-cyto-
kine primary antibody is allowed to bind to the
cytokine antigen (B-D in Fig. 1} Subsequently,
enzyme-labelled or fluorochreme-labelled sec-
ondary {usually palyclonal) antibody specific for
the isotypic or species determinants (B in Fig. 1)
or for the hapten present on the anti-cytokine
primary antibody are applied. In general for the
hapten biotin either enzyme-or fluorochrome-
lubelled streptavidin is applied as the secondary
reagent (C in Fig. 1), Compared to the use of
avidin, streptavidin gives rise to lower back-
ground staining. Therefore streptavidin s dis-
cussed below,

Digoxigenin and FITC have also been used as
haptens conjugated to the anti-cytokine antibody
(Kessler, 1991; Van der Loos et al,, 1989). Detec-
{ion is achieved with a commercially available
enzyme-or fluorochrome-labelled secondary anti-
body specific for the hapten (D in Fig, 1). The
detection of cytokines with this indirect staining
method based on two steps can be performed
with both monoclonal as well as polyclonal pri-
mary antibodies, The coupling of enzymes to the
second step antibodies and (he immunohisto-
chemical procedure can be performed as de-
scribed in detail elsewhere (Claassen and Jeuris-
sen, 1995a,b; Jeurissen et al,, 1995}

We have previously examined cytokine preduc-
tion in skin biopsies from patients with contact
altergies {Hoefakker et al., 1992,1995) and in
tonsil (Hoefakker et al, £993) in situ, The two-
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step indirect detection method was performed
using an anti-IFN-y primary monoclonal anti-
body and HRP-labelled polyclonal secondary un-
tibody as shown in Fig. 2C and D. Furthermore,
biotinylated as well as digoxigenin-labelled pri-
mary aniibodies can be successfully used to de-
tect human cytokines in tonsil and in skin sec-
tions (G and H in Fig. 2).

Basically, the advantages of this method are
simplicity, use of ready made commercially avail-
able reagents, relatively low costs and a short
processing time {2 steps), signal amplification and
[ow to intermediate backgrounds, and subse-
quently an intermediate to high signal to ‘nroise’
ratio. Compared to the direct detection method
the indirect methods are designed to attach more
enzyme molecules at the sile of the antigen. An
advantage of hapten-tabelled antibodies is the
fact that they can be used in double staining
using different detector molecules. A minor prac-
tical point is that biotinylated or digoxigenin-
[abelled antibodies specific for human cytokines
are not yet commercially available, but coupling
is relatively easy,

The use of streptavidin conjugated {o enzyme
or fluorochrome is the most frequently used two
step method because it offers several important
advantages. Compared to the large enzyme-or
flucrochrome-labelled secondary anfibodies the
small streptavidin molecules conjugated to en-
zyme or fluorochrome are likely to penetrate
rapidly into the tissue if similar enzymes or fluo-
rochromes are compared. Moreover, the affinity
of streptavidin for biotin {dissociation conslant
10715 M~} is higher than the affinity of antigen
(hapten} for antibody (dissociation constant
107516~ M~")., The presence of four active
binding sites for biotin on streptavidin and the
refatively high [abelling index of biotinylated anti-
bodies as compared to the number of isotypic
determinants per antibody are also important
considerations,

Indirect three step immunohistochemical detection
using sofuble enzyme imnpime complexes. This
method utilizes as reporter a preformed soluble
enzyme-anti-enzyme immune complex (E in Fig.
1). This type of immune complex consists of an

enzyme {(the antigen), and an antibody directed
against the enzyme. To obtain soluble enzyme-
anti-enzyme complexes, the enzyme is added in
excess and precipitates are removed by low speed
centrifugation. The staining sequence is: (i) unla-
belled anti-cytokine primary untibedy, (i) unia-
belled secondary antibody, (iii} soluble enzyme-
anti-enzyme complex, and substrate with chro-
mogen solution, The anti-cytokine primary anti-
body and the antibody of the soluble enzyme-
anti-cnzyme imntune complex should be made in
the same species so that the secondary antibody
can link the two together. The alkaline phos-
phatase-anti-alkaline phosphatase complex
(APAAP) method and the peroxidasc-anti-per-
oxidase complex (PAP} method are used to de-
tect cytokines in situ {(Muason and Sammons, 1978).
Both polyclonal as well as monoclonal antibodies
can be used us primary antibodies. Enzyme activ-
ily can be revealed as described by Claassen et al,
(1986),

The advantages of this method are simplicily,
use of rcady made commercially avaifable
reagents, high signal amplification and low to
intermediate background, and subsequently an
intermediate to high signal to ‘noise’ ratio. The
disadvantages are relatively high costs and « long
procedure time €3 steps). Furthermore, the
molecular size of the complex used in the PAP
method is large and hence might give problenss in
tissue penctration or diffusion (Hsu et al., 1981).

Indivect three step immunchistochemical detection
wsing the strepravidin-biotin interaction, The indi-
rect method based on three steps including strep-
tavidin-biotin interactions is widely used for im-
munochistochemical detection of proteins in tis-
sue, Two almost identical three step methods are
used based on the interaction between strepta-
vidin and biotin. The sequence of reagents and
incubations are: (i} anti-cytokine primary anti-
body, (ii} biotinylated secondary antibody, (iii)
enzyme-or fluorochrome-labelled streptavidin (F
in Fig. 1) or a complex consisting of several
biotinylated enzyme-labelled streptavidin
molecules {G in Fig. 1), and substrate and chro-
mogen, The indirect method based on three steps
including streptavidin-biotin interactions can be
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performed with monoclonal and polyclonal anti-
bodies as primary anti-cytokine antibodies, Bi-
atinylated isotypic or species specific secondary
antibodies are required as linking antibody be-
tween the primary antibody and enzyme-or fluo-
rochrome-labelled streptavidin or the complexes
consisting of streptavidin molecules and biotiny-
lated enzyme. These biotinylated antibodies are
often commercially avaitable or can be easily con-
jugated o biotin as described by Guesdon et al.
(1972). Enzyme activity can be revealed as de-
scribed by Claassen ct al, (1986).

The indirect detection method based on three
steps including anti-IL-4 antibody, biotinylated
horse anti-mouse, and streptavidin conjugated to
AP has been used successfully for the demonstra-
tion of IL-4 expression in the skin of putients
with atopic allergy (A and B in Fig. 2).

The advantages of this method are simplicity,
the use of ready made commercially availablc
reagenis, high signal amplification and low fo
intermediate backgrounds, and subsequently high
signal to ‘noise’ ratios. This indirect detection
method was found to be very efficient (Giorno,
1984) and is the most frequently used method
(Table 5). The multiple biotin molecules present
on the sccondary immunoglobulin or third step

of enzyme molecules, The molecular size of the
complex which consists of several streptavidin
malecules conjugated to biotinylated HRP is smad]
compared to the complex used in the PAP metiiod
and hence might better facilitate tissue penetra-
tion or diffusion (Hsu et al., 1981).

The method using enzyme-fabelled streptavidin
in the third incubation step was shown to be
approximately four-to cight-fold more sensitive
(signal to ‘noise’ ratio) than a complex consisting
of biotinylated enzyme-labelled streptavidin in the
third incubation step possibly because the com-
plex cannot readily imteract with the biotin-
labelted secondary antibody duc to steric hin-
drance (Giorno, 1984),

A disadvantage of both these three step indi-
rect methods is the long processing time of the
three incubation steps to generate resulis and the
relatively high costs,

3. Probe based cytokine deteclion

3.1, In situ hybridization (ISH)

This method wutilizes specific genetic probes
which are complementary for mRNA sequences.

enzyme molecules increase the eventual number Furthermore, it permits identification of the pre-

Fig. 2. Immunochistochemical visualization of cytoking producing cefls in human tissues using direct and indirect staining methods
in sequence. A + B T1.-4 producing cells characterized by a blue cytoplasm were detected in the dermal infiltrates in the skin of a
patient with atopic allergy using the three-step indirecti method hased on unlabelled mouse monoclonal anti-IL-3 antibady
(1842.01, Genzyme), biotinylated horse anti-mouse sccondary antibody (Vector Laboratories, Burlingame, CA, USA), and
streplayidin conjugated 1o AP (Life Technologies, Gaithersburg, MD, USA) (A). The histochemical revelation was performed with
naphthol AS MX and fast blue as substrate and chromogen (Claassen et al., 1486). The anti-cytokine antibody was omitted in the
nepalive control {7}, € + 0; IFN-y producing cetls characterized by a red ¢ytoplasm were deiceled in the dermad infiltrates in the
affected skin of a patent with contact allesgy using the indirect method based on unlabeiled mouse monocloral anti-IFN-y
antibody (AMD-2 from P, van der Meide, BPRC, Rijswijk, Netherfands} and a FERP-labelled rabbit anti-mouse secondary antibody
{Dskopatis, Copenhagen, Denmark), The histochemical revelation was performed with AEC (Hoefakker er al.,, 1992,1593,1993).
Low magnification (C) anid high magnification (D). £ + F: IL-la producing cells chazacterized by a bluze cyloplasm were detecled
in the epidermis and infiltrates in the dermis in the skin of a patient with contact allergy (£} and predominantly in the epidermis in
normal skin {F) using a direct method with AP-tubelled monoclonal mouse anti-tL-1a antibody (Vhpl8, . Ghiars, RIS
Drepartment of Immunopharmacology, Siena, lialy), The AP-labelling was performed according to Claassen and Adler (1988), The
histochemical revelation was performed with naphthol AS MX and fast blue as substrate and chromogen (Claassen et al,, 1986),
G+ H: IFN-y producing cells characterized by a dark blue {purple) cytoplasm were detected in the extrafollicutar areas fn tonsil
using an inditect methed based on digoxigenin-labclicd menoclonal mouse anti-IFFN-y antibody (M13-2 from P, van der Meide,
BPRC, Rijswijk, Netherlzands) and a sheep AP-labelled secondary antibody {Boehringer Mannheim, Germany)} (G ). The DIG-label-
ling was performed using a DEG antihody labelling kit {Boehringer Mannheim, Germany). The histochemical revelation was
performed with NBT /BCIP (Hocfakker ct al, 1995). A contral skin section treated by omission of primary antibody demonstrated
ne positive cells (H), E and F, X100, A, B, C, G, H, ®200; B, x40, (Al the results presented here were obtained after
titration of the anti-cytokine antibedies and mostly used at optimal concentraiions between 5-20 up/ml)
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cise morphological tissue distribution of mRNA,
There are many different protocols for ISH. In
general, a protocol involves slide preparation,
fixation of the tissue seclions, pretreatment of
material on the slide, prehybridization, hybridiza-
tion, post-hybridization washings, and visualiza-
tion by immunoecytochemistry or autoradiography.

Cryostat sections on slides coated with poly-1-
lysine are fixed in buffered 4% paraformalde-
hyde. Paraformaldehyde fixation is most fre-
quently used in ISH, This fixation method pre-

vents diffusion of mRNA within the tissue section
or out of the tissuc section. As described for
immunohistochemical tissue preparation the tis-
sue sections used for 1SH are sometimes pre-
treated with proteolytic enzymes to facilitate pen-
etration of the probe and other reagents used in
the hybridization.

3.2. Probe bascd methodology

Basically, labelled complimentary DNA
(cDNA) and RNA (¢cRNA} probes can be em-

Table 6
Cytokine mRNA ISTT methods
Cytokine mRNA  Probe Label  Studies
TL-lee /B cbDNA* Vg Whiteside et al., 1993
P Wood etal, 1992a; Aime et al., 1993
s Zheng el at,, 1991
Biotin  Qhta et al,, 1991
oLiGo* s Matsuki et al., 1992; Yoshioka ct al., 1993
DIG Woodroofe et al., 1992
cRNA 3 Tavey el al,, 1991; Leger-Ravet et al., 1991; Nayior et al., 1993; Foss et al,, 1994
Noronha et al., 1993; Froment et al,, £993; Emilie et al., 1990,1991,t992a;
Firestein et al., 1990; Rutenfranz et al., 1992; Jiranek et al.,, 1993; Devergne et al., 1992;
Cappello el al., 1992
1L.-2 chNA® ¥y Boehm et al., 1989; Vitolo el al., 1992; Whiteside et al., §993; Borish ef al., 1993
OLIGO* *p Warren et at., 1991
DIG Woodroofe et al,, 1992
Biotin -~ Howell et al,, 1991
cRNA *g Peuchmaur ct af., 1990,1991; Bentloy et o1, 1993; Leger-Ravet ¢i al,, 1994;
Emilie ¢t al,, 1990,1991; Pevergne ¢t al,, 1992; Tovey ct al,, 1993
IL-4 cDNA' S Borish et al., 1993
DIG Bromley et al,, 1994
CLIGO" DIG Woodroofe et al., 1992; Ying et al., 1994
cRNA ¥y Masuyama et al., 1994; Merz et al, 1991; Bentley et al., 1993; Varney et al., 1993;
Tsicopoulos et al., 1992; Durham et al,, 1992; Kay et al., 1991
IL-S§ OLIGO* DIG Martinez et al., 1993
cRNA? g Masuyama et at., 1999; Bentley et al,, 1993; Merz et al,, 1991; Dubucquoi et al, 1994
Varney € al,, 1993; Tsicopoulos et al., 1992; Purham ¢t al,, 1992; Kay et at., 199t
2p o Tlamid el al, 1991
1L-6 cDNA® g Whitcside ¢t al., 1993; Velkenicrs et al., 1994; Bosscloir et al,, 198Y;
Hoyland ct al., 1994
¥p Wood et al,, 1992b
S Zheng et al, 199
Biotin  Ohta et ak, 1991
oLIGO" Matsuki et al., 1992; Yoshioka et al, 1993
Biotin  Seino et al,, 1593
PIG Woodroofe et al., 1992
cRNA ¥y Gillitzer et al., 1991; Naylor et ab., 1993; Foss et al., 1994; Emilie et at., 1990,1992a,b;
Tovey et al, 1991,1993; Fromoni ¢t al.,, 1993, Devergne et al., 1992; Merz et al., 1991;
Foss et al., 1993; VandenBroecke et al,, 199E; Villiger et al,, 19315 Neuner et al,, 1991;
Tiicker ct al., 1991; Rutenfranz ¢t al., 1992; Fireslein et al., 1990; Grossman et al,, 1989
L8 oLIGo * g Matsuki el al., 1992
cRNA® g Mazzucchelli et al., 1999; Foss et al,, 1994; Gillitzer et al,, 139t
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Table 6 (continued)

Cytokine mRNA  Probe Label  Studies
1.-10 cRNA s Emilie et al,, 1992¢
IFN-y ePDNA* ¥ Yitolo et ak,, 1992; Whiteside ct al., 1993; Borish et al,, 1693
¥p Murphy et al,, 1992
5 Zheng et al., 1992
OLIGO* DIG  Woedreofe et al, 1992
cRNA g Varney el al., 1993; Tsicopoulos et al., 1992; Durham et al., 1992; Kay et al, 1991;
Fromont et al,, 1993; Emilie et al,, 1990,1991; Devergne ef al,, 1992; Pirmez el al., 1990;
Cooper et al., 1989; Bentley et al., 993, Rutenfranz ef al., 1992; Barncs et al., 1990,
Vaundenliroecke et al., 1991; Tovey et al,, 1991; Peuchmaur et al,, 1991;
Firestein et al.,, 1950
32p Klein ct al., 1993
TNF-a BNA Mg Vitalo et al., 1992; Whiteside ct al,, 1993
dp Murphy et al., 1992
S Zheng et al, 1992

Biotin  Takeyama el al., 199f; Farlow et al., 1993; Hunt et al,, 1992
oLigo: ¥s Matsuki et al,, 1992; Yoshioka et al,, 1993

Biotin  Kretschmer et al,, 1990
DIG Wouodroofe et al., 1992
Foss et al, 1993,1994; Nuylor et al,, 1990,1993; Firestein et al., 1990;

¢RNA 8

VandenBroecke et al, 1991; Devergne et al., $992; Tovey ez al,, 1991;

Mujewski et al., 1991 Ying ¢t al., 1991; Gillitzer et ul., 1991; Noronha et al., 1993;

Tan ¢t al, 1993; Bames ct al,, 1990; Reka and Kotler, £993; Cappello et at., 1992
DIG  Gonzalez-Amaro et al,, 1994

S: probe lubelled by sodium bisulfide; DIG: probe labelled with digoxigenin.
? cDNA: non-synthetic eDNA probe; OLIGO: synthetic ¢cDNA probe.

ployed to localize cytokine mRNA, Nick-trans-
lated or randomly primed non-synthetic double
stranded ¢DNA probes (produced in large quan-
tities using DNA cloning or PCR), synthetic
oligonucleotide ¢DNA  probes, and single
stranded antisense ¢cRNA probes prepared in a
transcription veclor are wsed.

As with all immunohistological methods, if a
hybridization signal is found control experiments
have 10 be performed to estublish the specificity
of the 1SH reaction and to show the correciness
of the procedure. In general, to check the speci-
ficity of the probe a northern blot on total RNA
shouid be performed, The probe which hybridizes
to cytokine mRNA is antisense in sequence. A
sense probe is identical in sequence to the mRNA
target and hence will not bind to the target. If
hybridizations with a sense probe produce a sig-
nitl comparable to hybridizations with an anti-
sense probe, the labelling is clearly non-specific.
The procedure controls for cylokine mRNA hy-
bridization are similar to the controls used for
cytokine immunohistochemistry (Table 4). To cs-

tablish tissue specific staining a positive and a
negative tissue control are used as described for
immunpohistochemistry (see sections 2,3.2,1 and
2.3.2.2). For the probe control, a ‘no probe’, a
positive probe, and a sense probe or non-hemola-
gous probe should generally bg included to estab-
lish non-specific staining due to the visualization
methods and non-sequence dependent staining,
In addition, to demonstrate that the target nu-
cleic acid is RNA, tissue sections can be incu-
buted with RNase before application of the probe,
mRNA within the section will be destroyed and
any remraining signuls are non-specific. Non-
specific staining due to endogenous enzyne activ-
ity in the casc of immunohistochemical revelation
could be ruled out after determination of staining
using substrates only,

3.3. Probe based mwethods to visualize cytokine-
mRNA producing cells

The detection of cellular ¢ytokine mRNA has
been demonstrated with different methods based
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on the choice of prabe and fabel. Table 6 lists the
methods used for the detection of cytokine
mRNA. Non-synthetic nick-transtated or ran-

{A) Nick Translation

-

’ A
¢ DNA polymerase + labelled-dNTP

domly primed double stranded ¢DNA probes,
synthetic oligonucleotide ¢cDNA probes, and anti-
sense cRNA probes are used, cach with their own

(B) Random Prime

¥

¢ denalure + hexamers

m L) L] ea
y ] ) = [>:] v
+ Klenow polymerasa
+ labelled-¢NTP
T T T T ] i
N ES - -1 — BE- - - - - L ~y
¢ denature
) L2
\ ¢ b
1 J—
¥V P ="
' J d >
' [}

(C) Transcription Vector

promotor O

double-stranded
DNA insert in vector

+ restricien enzyme

+ RNA polymerase
+ labetted-NTP

Fig. 3. Procedures for labelling cytokine-mRNA probes for ISH, Predominantly nick transtation (A) and random prime (B)
procedures are used to oblain labelled ¢DNA probes. Labelled ¢RNA probes are obtained using a transcription vector (C).

Oligonucleotides are labelled using 3' end lubelling (D).

(D) Oligo 3' -endlabelling

¥.0H

+ terminal transferase
+ labelled-dNTP

-
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methods to visualize the hybridization sequence,
The success of ISH depends on numerous factors,
including the number of copies of mRNA, the
preservation of mRNA, the type of probe, single
probe or muliiple probe detection, hybridization
and stringency conditions, methods of probe la-
belling (radioactive or nonradioactive), and the
techniques of signal detection. Fhis section de-
scribes the different detection methods and sub-
sequently the advantages and disadvantages of
each method,

Primary detection with cDNA probes

Non-synthetic ¢DNA probes. Clonal propagation
of defined segments of DNA coding for human
cytokine mRNA, which became possible with
DNA cloning, involve the insertion of a fragment
of DNA into a genetic element that replicates (a
plasmid or virus), Nick-translation and random
prime as double stranded DNA (< 1060 bp) la-
belling methods are used fo obtain labelled dou-
ble-stranded ¢DNA probes (Fig. 3). In both
methods a heterogeneous population of probe
strands (< 500 bp), many of which have overlap-
ping complementary regions, are produced, This
results in multiple probe detection and subse-
quently signal amplification in the hybridization
experiment.

The nick-translation method is based on the
use of the enzyme E. cofi DNA polymerase 1.
Starting at a nick (gap) in the DNA, this cnzyme
removes nucleotides from the 5 side of the nick
using 5 exonuclease activity, At the same time
the enzyme adds radio-labelled or otherwise la-
belled nucleotides to the 3’ side of the nick using
its DNA polymerase activily, After denaturation
[abelled prabes are obtained. Nick-translation can
be performed with the specific insert only, or with
the specific DNA (insert) in a plasmid vector,

cDNA probes can also be labelled by random
prime, This method employs the 3’ DNA poly-
merise activity of the Klenow fragment of E. cofi
polymerase [ enzyme, After first melting the
DNA, random sequence hexamers are added that
serve as a primter to the polymerase reaction with
labelled nucleotide-triphosphates, After denatu-
ration labelled probes are obtained. As described

for the probes obtained by nick-translation a het-
erogeneous population of probe strands, many of
which have overlapping complementary regions,
are produced. Sambrook et al. (1989} provides
details about both the nick-transfation and the
random prime labelling methods,

Two other labelling metheds are based on the
chemical addition of hapten molecules (0 the
probe, Using sodium bisulfite (Zheng et al,
1991,1992) or bjotin after photochemical conjuga-
tion (Ohta et al., £991) cDNA can be labelled
with sulfonated cytidine and biotin respectively.
Alhough both these labelling methods are very
simple {o perform they are not frequently used,

To detect human cytokine mRNA mainly ran-
domly primed labelled non-synthetic cDNA
?srohjezs are applied lsz;belled 1l\Zvith predominantly
=8, “°P, and biotin, 8§ and “*P are labels which
are detected by autoradiography. Specific hy-
bridization is recognized as clear dense deposits
of siiver grains in the photographic emulsion
overlaying the tissue sections. ¥ P-labelled probes
need a relatively short exposure time resulling in
a lower resolution as compared {o detection using
¥S.labelled probes (DeLellis, 1994). For the de-
tection of the biotinylated ¢DNA probes, im-
munohistochemical revelation {s necessary based
on visualization using enzyme-labelled strepta-
vidin. ISH using sulfonated probes has been ap-
plied to study cytokine mRNA profiles in autoim-
mune thyroiditis, non-toxic goitre and normal
thyroid tissue using the three-step indirect im-
munohistochemical detection method visualized
with APAAP (Zheng et al,, 1991,1992).

Svathetic cDNA probes, With the development of
a new generation of DNA synthesizers which
allow cheap oligonucleotide production, in-
creased attention has turned to the use of short
single stranded oligodeoxynucleotide prabes (20—
50 bp) in single probe detection and multiple
probe detection (double, triple detection). The
application depends on the specific labelling of
the oligonucieotide, which permits a later identi-
fication or recovery of the probe. Traditionally,
the labelling is performed by the enzymutic cou-
pling of radioactively labelled deoxynucleotides to
the 3’ end (Schmitz et al., 1991; DelLetlis, 1994)
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(Fig. 3). As shown in Table 6 *°S, P, biotin, and
digoxigenin are frequently used as labels.

Matsuki et al. (1992) demonstrated cytokine
mRNA producing cells in chronically inflamed
pingival tissuc with a cocktail of “S-labelled
aligonucleotide probes, whereas Warren et al.
(1991) demonstrated }L-2 mRNA in rheumatoid
arthritis tissue vsing a “2P-labelted oligonu-
cleotide probe cocktail, IFN-y mRNA producing
cells can be visualized using a digoxigenin-labelied
oligonucleotide probe cocktail and a digoxigenin
specific AP-labelled antibody, and histochemical
revelation with NBT/BCIP (Hoefakker et al,
1995),

Evidently, these synthetic oligonucleotide
probes have several advantages over non-syn-
thetic ¢cDNA probes; (i) they cun be used to
achieve high levels of specificity under conditions
of high stringency, (i) it is possible (o construct
different probes for a particular sequence with a
high reproducibility and high specific activity, (iif)
the use of oligonucleotide probes does not re-
quire detailed expertise with basic molecular
technologies because they do not need to be
cloned and labelling can be carried out in a single
step by ¢ither 3’ or ' labelling, and (iv) oligonu-
cleotide probes are commerciatly produced rela-
tively inexpensively (Hofer, 1987).

Primary detection with ¢RNA prabes

cRNA probes are prepared in transcription
vectors (plasmids) that contain promotars lacated
upstream from multiple cloning sites (Fig. 3). The
DNA of interest is inserted into the cloning site
and c¢un be transcribed in the presence of labelled
nucleotides to provide sense or antiscnse probes
(<2500 bp) alter linearization. A sense probe
will have the same 5 to 3 orientation as the
transcribed mRNA. It will therefore not hy-
bridize to mRNA but will hybridize (o one of the
DNA strands, provided that the DNA has been
denatured or melted before the reaction. The
length of the probe is defined by the distance
between the restriction site used for linearization
and the slart of {ranscription. This guarantees
that the probes all have the same length,

Until now, as shown in Table 6, predominantly
g, ¥p, and digoxigenin-labelled ¢cRNA probes

have been used to detect cytokine mRNA in situ.
As compared to non-synthetic cDNA probes,
cRINA probes can be labelled to a higher specific
activity and have greater thermal slability. More-
over the efficient reduction of background prob-
lems using RNase to digest unhybridized single
strand probes is another significant advantage of
cRNA probes. Antisense cRNA probes have a
constant probe size and do not contain vector
sequences. This leads to highly reproducible sig-
nils and low non-specific hybridization. As a re-
sult, interexperimental comparisons are possible,
In generval, compared to non-synthetic ¢cDNA
probes, a relatively high signal {o *noise’ ratio and
high reproducibility of reactions is observed using
¢RNA probes. Furthermore, using cRNA probes
compelitive hybridization to the complementary
strand (which causes background problems as it
occurs with ¢DNA probes) is excluded (Hofler,
1987).

4, Simultaneous detection

4.1 Double staining: sinmudtancous hmmunohisto-
chemical detection of two or more antigens

Phenotypes (subpopulations) of the cytokine
producing cells may be studied in serial sections.
However, the phenotype of the individual cy-
tokine producing cell can be exactly identificd
within one section. Demonstration of double
stained cells within one section indicates that a
single defined cell (particular phenotype) pro-
tuces the cytokine. Such double immunofluores-
cence staining methods were used by Chu et al.
(1992) and Cooper et al. {1990). For example Chu
et al. {1992) used a method based on the demon-
stration of species specific determinants and hap-
ten on the different primary antibodies used,
whercas Cooper et al. (1990) used a method
based on the demonstration of species specific
delerminants and isotypic determinants on the
two different primary antibodies. In addition,
combinations of two three-step indircet methods
have been applied by Ruco et al. (1990) and
Wood et al. (1992a). For detection of the first
antigen Ruco et al, (1990) used a methed based
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on (i) unlabelled antibedy, (i} biotinylated sec-
ondary antibady, and (iii} HRP-labelled strepta-
vidin and for the detection of the second antigen
a melhod based on the three-step indirect
APAAP method, Wood et al, {1992a) used two
similar three-step indirect methods based on (i)
unlabelled anti-IL-1 antibody, (i} biotinylated
secondary antibody, and (iii) a complex consisting
of biotinylated AP-labelled streptavidin for the
first antigen and HRP-labelled streptavidin for
the second antigein.

In contrast to the combinations of methods
described above, the combination of the indirect
method based on three steps including (i) unla-
beHed primary antibody, {ii} a biotinylated see-
ondary antibody, and (i) enzyme-or fluo-
rochrome-labelled streptavidin (o detect cytakine
producing cells, together with the indirect method
based on two steps including an unlabelled anti-
cytokine antibody and an enzyme or fluo-
rochrome-labelled secondary antibody to identify
the cell phenotype is the most frequently used
double staining method. Using this method two
different enzymes (McCall et al., 1989), two dif-
ferent fluorochomes {Nickoloff et al,, 1991), or
one enzyme and one fluorochrome can be used
for visualization (Oxholm et al., 1991).

Undesired reactions may occur when using
secondary antibodies tn the indirect detection
which also rcact with other primary antibodies.
Although the cross-reactivity could be detected
using specificity controls (Table 3), these un-
wanted antibody interactions may be avoided by
using two different direct enzyme-or fluo-
rachrome-labelled primary antibodies. Direct en-
zyme-labelled monocional antibodies permit the
detection of two different cytokines simultane-
ously in mouse tissue from immunized mice (Van
den Eertwegh et al., 1993). However, in unstimi-
lated human tissue or human tissue taken after a
weak immune response or during a resting stage,
the low optimal ¢ytokine signal certainly needs to
be amplified und will probably not be detected
with direct enzyme-or fluorochrome-tabelled pri-
mary antibodies, Hapten-lubelled primary anti-
bodies visualized by enzyme-or fluorochrome-
labelled secondary reagents are suilable alterna-
tives when applied in a double stuining technique

{Van der Laos et al., 1989} (Kessler, 1991). Pre-
liminary results have recently been obtained with
simultaneous use of digoxigenin and biotin as
haptens on primary antibodies {(Hoefakker et al,,
unpublished observations).

4.2, Simuftaneous detection using a combination of
antibody and probe based methods

A combination ol immunohistochemical stain-
ing methods with ISH methods can be used in the
identification of cylokine-mRNA containing cells,
The conditions required for 1SH differ from those
required for immunohistochemistry and oflen
dumage protein antigens, Nevertheless, a few re-
ports have described the successful use of a com-
bination of an ISH method to detect mRNA with
an immurchistochemical staining method (o
demonstrate the phenotypic cell surface detern-
nant in a single tissue section. For example, Wood
et al. (1992a) idemtified the CDl4-positive
macrophuge as the predominant cefl type produc-
ing T1-18 mRNA in rheumatoid arthritis syn-
ovium, Similarly colocalization of CD30 and cy-
tokine gene transcripts has been demonstrated in
Reed-Sternberg cells in Hodgkin®s disease {Xerri
et al, 1992; Fass et al, 1993) with a double
labelling procedure which consisted of an im-
munohistochemical staining prior to ISH with a
radioactive-tabelled probe. Inlerestingly, in a re-
ceni report double stained cells were demon-
strated in a nasal biopsy after allergen challenge
using non-radioactive ISH with a digoxigenin-
labelted 1L-4 probe and subsequent visualization
of the probe using an enzyme-luabelled anti-dig-
oxigenin antibody with an unlabelled anti-CD3
monoclonal antibody followed by staining using
the indircct three-step APAAP method (Ying ot
al,, 1994).

5. Conclusions

A wvariely of immunohistochemical methods
and a variety of ISH methods that have been
used for the demonstration of cytokines and cy-
tokine-mRNAs in different humun tissucs, is
available.
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When the different methods for the immuno-
histochemical detection of cytokines are com-
pared the success of a specific method in the
detection of cytokine producing cells seems to be
determined predominantly by the specificity of
the anti-cytokine antibody (Table 3), the results
of the regular procedure controls (Table 4), and
the signal to ‘noise’ ratio of the methed to visual-
ize the presence of nanograms or picograms of
intracellular cytokine. It is important to note that
without @ specific anti-cytokine antibody success-
ful staining experiments cannot be obtained, U
should be emphasized again that not all controls
are specificity controls (actually most are stain-
ing /background controls} and that one should
repeatedly ask the specificity question with every
change in the protocol. The diferences in signal
to ‘noise’ ratios belween the direct method and
the indirect detectton methods are predominantly
caused by the signal amplification steps used in
the indirect methods. The number of incubation
steps, the affinity between hapten-labelled or un-
labelled primary antibody and the secondary anti-
body, the labelling index of the haptenated anli-
bodies as well as the avidity of (he binding be-
tween the primary and secondary antibody under
the assay condition are also imporiant in signal
amplification.

Immusohistochemical mcthods based on
streptavidin-biotin binding clearly have distinct
advantages over other methods. The main advan-
tage is the high signal to ‘noise’ ratio as is ob-
tained in the indirect bwvo-step as well as the
indirect three-step method. This is predominantly
based on the high affinity between biolin and
streptavidin and the efficicnt labelling of anti-
body with biotin. Since reliable biotinylated pri-
mary anti-cytokine antibodics are not available
commercially, successful staining using biotiny-
lated primary antibodies in the two step indirect
staining method has been demonstrated in only a
few studies, In addition, biotinylated primary an-
tibodies visualized with enzyme-or fluorochrome-
labelled streptavidin together with other hapten-
labelled primary antibodies visualized with spe-
cific enzyme-or fluorochrome-labelled secondary
antibady provide the opportunity to combine dif-
ferent primary antibodies in elegant double stain-

ing detection methods which avoid unwanted
cross-reactivities.

ISH protocols using **S-labelled ¢cRNA probes
have predominantly been used to detect cylokine
mRNA in many studies, This method permits the
targel to be hybridized with high specificity and
with extremely low backgrounds. However, the
choice of probe and Iabel to detect cyiokine
mRNA has shifted from ¢cRNA and S to syn-
thetic oligonucleotide prebes and non-radioactive
[abels, This shift is based predominantly on the
high specific signal obtained, easy production and
fabelling without the need for radicactive facili-
ties, and rapid processing,

Finally, regardless of the different immunochis-
tochemical or 18H detection methods which are
used, these methods are gencrally applicable,
However, the experimental character of various
metheds  (variability of conditions e.p. tissue
preparation, type of tissue) and the interpretation
of staining patterns in specific tissuc compart-
ments require specific (raining and expertise.
Nevertheless, we have found that in mos( cases at
least one of the aforementioned methods gives
good results, Selection of the method of cheice
will depend on the reagents availuble and individ-
ual preference {(time, costs, lab routine and facii-
ties), In general, the indirect immunohistochemi-
cal staining methods based on streptavidin-biotin
interactions and non-radioactive synthetic cDNA
probes have advantages over the other methods.

In this review we have given some typical ex-
amples of currently used cytokine stainings in
human tissues (for mouse see Van den Eertwegh
et al,. 1992), Although this work cannot be all
incltisive we hope it will provide a slepping stone
for those who wish (o enter the field of in situ
detection of cytokines in tissue sections. A step
by step guide for those who have no previous
experience in tissue sampling, processing, fixa-
tion, incubation and substrate /chromogen reve-
lation is given in detail elsewhere (Claassen and
Jeurissen, 1995a,b; Jeurissen et ak, 1995). In any
case, the ultimate advantage of an in situ ap-
proach lies in the ability to study the localization
and activity of cylokines in refation to their direct
unchanged original microenvironment {including
the demonstration of cell-cell interactions), in all
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types of tissue at any given moment, without
inducing artefacts by manipulations such as cell
separation and (pre)-culture.
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SUMMARY

In vitvo experiments live decumented the role of eylokines in the regulation of the humun humoral
immune response. Which cylokines are operative i rico and in which lymphoid compariment
interactions between cytokine-producing T cells and antibody-forming 3 cells occar is still unclear.
For that reason we studied human tensils using immunehistochemical technigues. In tissue sections
from tonsilsin a resting stuge after reeurrent Lonsillitis we observed cells producing 1L-1ecand tumour
neerosis ficlor-alphu (TNI-2) which were exclusively loculized in the mantle zone of Lhe follicle and
in the extralolliculir area. Furthersmore, a high frequency of interferon-gamma {{FN-y)-preducing
cells was detecled in the extrafollicutar area, but not inside the follicles. Gecasional [L-2- und 1L-4-
praducing colls were found in the extrafoBicuiar arca. Immunohistochemical detection of uatibody
isolypes revealed that Beells, FgM-membrane-positive, weve localized inside the follicles and mantle
zones, whereas lgD-membrane-positive cetls were nninly lound in the nruntle zones ol secondary
Toltickes. In contrast, plasmi cells producing 1g€i-4 and [zA1-2 were fouad in the extraloliculir
ared. No gD and 1gE antibody-forming cells were detected in tonsils, whereas Ighd antibody-
forming cells were detecled in the extrafellicular irea. The co-localizstion of cylokine-producing cells
and antibody-Torming cells in human (onsil supgests that T-B cell interactions, required Tor B cell

dilferentintion and isotype switching, luke phice in the extrafollicular urea,

Keywords  cytokine-producing cells  anlibody-lorming cells  palatine fonsils
isotype swilching  fn &frn Bumuan  hislechemistry

INTRODUCTION

One major Tunction of cytokines produced by T cells in
lymphotd tissties is to provide signuls necessary for activation,
profiferadion and dilferentintion of B cells that have been
cxposed 1o antigen, 1t is still largely wnknown which cytokines
arg important in the human humoral immune response in eive,
and in which anatomical compartment(s) the T-1 czll interac-
tions are lecalized, Therefore, we immunohistochemically stu-
died the distribution of cytokine-producing cells (CPC) and
antibody-forming cells (AFC) in human palatine {onsils.
Palatine tonsils are located at the entrance of both (he

respirtory and digestive tubes, and are exposed o a varicty of

exogenous #nligens in food and air. The extralollicular area
contains interdigilating cells (IDC), macrophages, T eclls, AFC
and high endothelial venules (HEV) {Fig. 1). These HEV take
care of the recirculiation of T cells and B cells from blood

Correspondence: Dr Suskiu Eloefukker, Deparlment of Immuna-
togy und Medical Micrebiology, TND-Medical Biological Luborulory,
PO Buex 5815, 2280 HIV Rijswijk, The Netherfands,

{reviewed by Kuper ef ¢/, [1]}. Follicles, founé inside various
Iymphoid organs such us spleen, lymph nodes, (onsils, Peyer's
patehes and the appendix, are globular structures, and can be
subdivided into primary and secondary (ollicles. The lormer
consist of clusters of resling B cells, lollicular dendritic cells
(FBC), and are mainly Tound in non-stimulated tonsils, (he
latter consisl of a germiral contre with # mantle zone of
predominantly memory B cells, a few T eells, FDC und tingible
body macrophapes (TBM) {2-4]. Germinal centres are Toci of
intense B cell prolilerative activity which develop in respense Lo
anligenic restimulation. The prdmary Tunction of germinal
cenlres appears to be the establishment and maintenance ol B
cell memaory (reviewed by Liuer af. [5]). The FDC in the Tollicles
trap antigen and have a function in antigen presentation to B
cells, B eell proliferation, sefection and alTinity nuadurtion [6].

In centrast, the histelogical locidization of T-13 cell interite-
lions, B cell differentintion und isotype switching remains
unknown, Many investigators v supgested thatin general the
follicles in fymphoid tissue appear the main sites where T cell-
dependdent antibody responses and aflinity muturation take
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Fig. 1. Schematic represeatatien of compartments and vellulir compusi-
tion of pulatine tonsits, C, Cryply BFA, extrafollicutar area; GC,
germinal centre; M cell, microfold-cell; MT, macrophage; MZ, mantle
zone; PF, primury follicle; SF. secondury lollicle. {Fhe drawing is
maditied alier Kuper ef of, [11}

place (revicwed by Liv e/ o [$]), There is ample in eitro evidence
for the role of cytokines in B cell differentistion and isolype
switching in man [7-9). Our studies in mouse lymphoid tissues
revealed evidence Tor a co-localization of cylokine production,
together with specific artibody (srmation in the extrafollicular
area {10,1 1], However, the co-locutization of CPC and AFC in
humn lymphoid tissue has not been investigaled yel,

1L- L und tumour necrosis factor-alpha (TMF-2) are mainly
released by antigen-presenting cells {APC), such as mucro-
phages and [DC [12-14], whereas 10-2, [L-4 and interferon-
givmma (IFN-y} are mainly produced by activated T cells [15].
These three T cell-derived cylokines are suggested (o play an
important role in B cell growth and diffcrentiation [16-19).
From a review by Viletta f of. [20) on the in vitro effects of
cytokines on immane cells we concluded thas 11-12 and TNF-%
production may be expected i sites of antigen presenlation,
whereas [E.-2, TE-4 and TFN-y are anticipaled 1o be produced ut
sites of T-B cell interactions.

To determing in which lymphoid compartment the T-B eell
interactions required for antibody production take plice in
human lymphoid tissue, the present study details the localiza-
tien of CPC (IL-la, TNF-x, [L-2, IL-4, [FN-7) together with
AFC (1gG1-4, [gAl1-2, Igh, Igli, IgM) in palatine tonsil aller
recurrent tansitlitis.

MATERIALS AND METHODS

Hwan palatine tonsils
Tonsils were obtained under general anaesthesia from seven
young children {4-6 years old) with recurrent tonsillitis. At the
lime of tonsillectomy the 1onsils were ctinically in & resting stage.
The fresh surgical specimens were snap-frozen in liquid nitrogen
and stored at —70°C.

Antibodies
Vmpl8, a mouse MoAb specific for human FL- {4, was kindly
provided by Dr D. Boraschi [13]. Mouse MoAb 61EH,

recogizing buman TNF-x, was u generous gilt Irom Dr W,
Buueman {21]. DMS-1, 4 mouse MoAb 1o recombinant humun
TL-2, und BL-4-P, a rabbit anti-human-1L-4 polyclonal anti-
hody were purchased [rom Sanbio (Uden, The Netherlands),
The mouse MoAb MD-2 1o huruen TFN-p was kindly provided
by Dr 2. van der Meide [223 The MoAbs against the differeat
immunoglobulin classes respeclively [gG1-4, IgAl-2, IpD, [gE
and [gM were generated in our laberalory and tested for their
speeificity (23-27] The MoAbs were ll lrom the [gG1 isolype.
A mouse IgG1 MoAb specitie for HIV-1 gpl20 (111B-V3-21
isolile) was used as an isolype-malched contrel antibody [28.
As negative contrel polyelonal antibody, a rabbit polyclonal
antiserum specific for K LH-MBS-SPa6 {SP66 is u peplide from
the androgen receptor) was used {29], The secondary antibodies,
rabbit anti-mouse (total immunoglobutin) and goas ami-rabbit
(tofal immunoglobulin}, both horseradish peroxiduse (HRP)-
comjugated, were purchased Trom Dakopults {Copenhugen.
Denmirk),

Imnnehistochemical stoining

Cryostat sections (8 pm) were fixed for [0 miin in fresh acelone,
containing 0-02% H;Oy. Slides were incubated overnight at 4°C
with the panel of antibodics. All reagents were diluted in PBS
containing 0+ 1% bovine seram atbumin {BSA) und titrated to
geloptimal results, Afterincubation thestides were washed with
PBS and incubated for another 60 min &l room lemperature
with secondury conjugates in approprinte dilulions in PBS
conlaining 1% BSA and 14 normal human serum. Seclions
were washed with PBS and histochemical revelution of HRP
was performed with J-amino-$-cthylearbazole (AEC) as pre-
viously described (306}, Slides were counterstuined with haema-
Loxylin for 15 s and mounted in plycerolfgetatin, Twa ditferent
sections from cach lensil were subjected to histolagical evalu-
ation for CPC and AFC,

Ilibition experiments

To verily the specificity of the stuining, tyloking inhibition
experiments were performed on patidine tonsil scelions us well
as on human allergic skin tissue sections, The skin biopsy was
oblained after 72 b of application with cpoxy resin (1%) and
used Tor [L-2-posilive contral ard inhibition experiments,

Table 1. Bistribution of cytekine-producing colls wilhin various
human tonstllar tissue comparimenis

Cylokines Germinal Mantle Extralalticulas
rroduced cenfre zone area
[{YF:3 - o+ * ++
TNF-x - +* +

E*N-y — - ++

L-2 - - +

L4 — - +

* Almost the whole mantle zone stained posilive,

—, No cylokine-productng cells {CPC) found; T, oceasional
CPC (< 10 per section); +, high lrequency of CPC (< 1000 per
sectien); + -+, very high lrequency of CPC (> 000 per siction)
{descriplions used in lext).
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Solutions with ditferent concentrations of the antibodies
G6IE71, DMS-1, BL-4-P and MD-2 were prepared and mixed
wilh respectively the allinily-pugified recombinant cylokines
TNF-x(Celus Corporation, Emeryville, CA), 1L-2 (Boehringer,
Mannheim, Gernany), 1E-4 (HIL--C, Sanbio) and [FN-y
(HG-IFN, Sanbio) in lwe dificrent concentrations. These
mixlures were incubated for 2 h at room temperalure and
cleared ol aggregates and complexes by centrilugation (12060 g,
2 min, 20°C}, The tissue seclions were incubaled direetly witly

these mixtures and the normal immunehistochemical staining
mclhed was subscquently applicd.

RESULTS

Histolugy

In the huemaloxylin-stained tomsil sections, primary und
sccondary ollicles were observed. The frequeney of secendary
Tollicles compured with the primury follicles was dependent on

Fig. 2, Immunoperoxidase stainfng for cylokine-producing cells und antibedy-forming cells (AFC) in tonsillar tissue comparltments. {a) A lonsil
seclion stained wsing MeAb against HL-la demonstrates posilive cells in manile zoag and extralollicular area, (h) Absence of 1E-2 stainlog in (e
exlrifolliculas area. {e) Positive [FNs-producing cells present in extrafollicular area. (d) IgG1-AFC in the extrafollicular area. {e) gV membrane
staining inside follicle and mantle rone, [gh-AFC in extrafollicular area. () 1gD membrane staining inside primary fotlicte. F, Follicle; G, germinal

centre; M, mantle zone; E, extralolffcular area, (< 200}
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“Table 2. (Sublcluss distdbution of antibody-lorming cells
(AFC) within various compartments in human tensils

Immunoglobulin - Geeminal — AMantle  Exlrafelicalar
subcluss cenlre sone area
Gl - - T
TeG2 - - +
12G3 - - ++
IgGi4 - - +
TaAl - - ++
TpA2 — - +
18D - +1 +
IgE — — —
1M T 1 %

* 1gM-posilive immune compleses or 1ghd membranc-
pusitive ¢ells were found,

T 15D membrane-positive cells,

—, No AFC flound. +, occasiomal AFC (<0 per
section), +, high (requency of AFC (100-300 per sectivn);
++4, very high frequeacy of AFC (> 500 per section)
(deseriptions used in (ext),

the general reactive stale of the tansil. All seven tonsils showed
lar more secondary Tollicles than primary follicles,

Specificity of the stubihig

Inhibition cxperiments on palating tonsil and allergic skin
sections verified Lhe specilicily of Lhe TNF-x, [L-2, EL-4 and
EFM-y staining we pesformed, Preincubation ol 6LE? (25 pyg/
ml) with TNF-oe (50 ji/ml), DMS-1 (35 pgfml) with 1L-2 (8 pgf
ml}, BL-AP (12 pg/ml) with 1L-4 (1 ggfml) and MD-2(35 pg/ml)
with TFN- (50 jegfml) inhibited the eylokine-specilic stuining,
No staining was seen in sections treated by omission of the
primary antibody or ufter staining with the control MoAb and
potyctona antibody.

Innnohistochemical detection of CPC

n this study 1he presence of EL- 1o, TNF-%-, 1L-2-, EL-4- and
IFN-y-producing cells was investigaled in palutine lonsil sce-
tions. Theoretically, cytoplasmic cylokine production, mem-
hrane-hound cylokine and uplake of cytokines by Larget cells
can be deleeted using immunohistochemistry, However, we
found no evidence lfor membrane-bound cylokines nd uptake
al cylokines by Larpel cells, The expected low concentration of
cylokines bound (o membranc-localized cylekine receptors
compared with high cylopfasmic concentralien of eylokines
may  prohibit simullancous detection by  immunchisto-
chemistry. The possibilily that cyloplasmic slaining represents
uptuke of cytokines rather than production has already heen
ruled out previously by Andersson ef af. [M]. They observed thad
incubation of mononuclear cells with high concentrations off
IFN-y did not lead 10 any detectuble IFN-y staining, From (hese
and our experiments we concluded that the eytoplismic staining
found using cylokine-specific MoAbs reflects nciual cylokine
production,

The distribulion patterns of [L-1%- and TNF-z-producing
cells were similar, und consisted of & high (requency of cells with
cyloplusmic staining in the mantle zone of secondary (oHicles
(TFable 1). [L-1e-producing cells (Fig. 2u) und TNF-«-preducing

cells were also deleeted in the extrafellicular area, especially in
the T cell zones. However, in this laller compartment the
Irequeiey ol TR-la-producing cells was very high compuared
with the high [requency of FNF-a-producing cells. Only
occasienal cells positive for [L-2 (Fig. 2b) and iL-4 were
delecled exclusively in (he extrafolliculur area {Tuble i), In
contrasl, 4 high frequency of IFN-y-producing cells waus found
restricted to the extrafollicular area (Fig. 2¢} (Tuble 1), The
{L-2-, [L-4- and IFN-y-producing cells were generally detected
in the T cell zenes.

Deteetion of AFC producing different imnimaglobadin subclasses
Tonsils were examined for IgG-AFC, IgA-AFC, Iu}-AFC,
1gE-AFC und 1gM-AFC using MoAbs knowa lo recognize
these different immunoglobulin subglisses (Table 23 1gG-AFC
and IgA-AFC were found in high or very high frequencies. In
addition, we detecled TeM-AFC, TgD-AFC und 1gE-AFC were
not found. The proportion of 1gG1-AFC and 1gG3-AFC was
almost simitar, and exceeded the number of 15G2-AFC and
IgG4-AFC. More [gAl-AFC (hun 1gA2-AFC were found.

The lgGl-4-AFC as well as the IgA1-2-AFC were mainly
localized in the extrafolliculur areas, especinlty in the T cell
zones und occasionally in associution with the cript epithelium
(Fig. 2d). 1gM membrane slaining was seen inside the B cell
foflictes and mantle zanes, [gM-AFC were delected in the
extrafllivular area, mainly in the T cell zones (Fig. 2¢). gD
membrane slaining was found in the mantle zones of sccondary
follicles and inside primury follicles (Fig. 2I).

DISCUSSION

In this study we demonsicated immunohistochemically thal
cyloking:producing T cells as well as antibody-forming B cclls
were localized in the extrafollicular compariment in human
tonsitlur tissue. These indings suggest thutin resting tonsils T-B
cell interaction might be restricted to this tonsillar compart-
menl.

Qur i siae cylokine detection sevealed that IL-le- and
TNF-z-producing cedls are localized in the same compartments:
the mantle zone ind the extrafollicular wren, especiuily (e T cell
zones. [FN-y-preducing cells were not found in the muntle zone,
but were only localized in the T cell zones in the extratollicular
arci. In contrast, occasiony] 1L-2- and TL-4-producing cells
weredetected in the T eell zones in the extrafolliculus wrca, These
findings suggest it mainly T cells were producing 1L-2, [L-4
and IFN-7. Ruco ¢f of. {14] demonstrated by double stairing
that IL-lz-producing macrophages, IL-le-producing 1DC and
TNF-w-praducing macrophages were localized in T cell-depen-
dent areus, whereas FDC dnside the germinal centres were
vonsistertly negative for these two cytokines, Our jn site
findings wre supported by evidence from Bowen of wf [32], who
showed &t vitro thad the Leu-7 (CDS7) T cells iselated from
hunnen tonsillar follicles did rot produce TNF-z, 1L-2, {L-4 and
[FN-y in significant amounts. Furthermore, in siti [L-4 mRNA
production was not observed inside the germinul centres of
lonsils frony young children with recurrent infections, bul was
only deteeted in Lthe extrafolticuiar urca (13},

Tn our study the observed low lreguencies of [L-2-and [L-4-
producing cells may be explained by the kinetics of cytokine
production. In in witro experiments hy Secrist of of, [34],
phylohaemagglutinin (PHA} aclivation of tonsillar mono-
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nuclear cells, which stimulates mainly T celis, induced ex-
pression of IL-2 and IL-4 mRNA after 8 b of stimulation. No
IL-2mRNA or IL-4 mRNAcould be detected after 24 hand 40
h of stimulatioa.

Since the Lonsils were oblained in a clinically resting stuge, it
is expecled that only 2 small number of CPC were present. In
conlrast, a high {frequency of TFN-y-producing cells were
observed in the extrafollicular area. This is in agreement with i
witro experiments showing o high praduction of IFN-y in freshly
isotated tonsillar cell suspensions [35] and tonsillar lymplivcyles
stimulated with PHA or Sendai virus {36,37). Moreover,
allogencic stimulation ol BALB/e (H-2%) mouse splenic T cells
with CBA/Ca (H-2*} mouse dendrilic cells or FeR* macro-
phuges generated elevaled levels of TNy detectable through-
oul the 7-day culture period. In conirast, only negligible
amounts of TL-2 and IL-4 were delecled in this study [38). These
data supgest that the differences in kinclics of distinet CPC are
the most likely cxplination for the frequencics of [L-2-,
[L-4- and 1FN-p-producing cells found. Meorcover, another
cxplanation for the persisience of [FN-y. compared with fL-4-
praducing cells could be the pulative rele of this cytokine as a
dewn-regulator of 1L-4 preduction, which was also suggested
by Fernundez-Botran ef ¢, [39). In their study, they demen-
strinted that IFN-y down-regulated the production of 11.-4 by
muring T-helper type-2 cells.

Our results concerning the localization of AFC und the
isotype distribution of AFC within the tonsitar tissuc support
the study deseribed by Brandizacg et of. [40]. They demon-
straled the presence of 1gG-AFC and IgA-AFC in mainly the
extralellicular are, and u fow frequency ol these AFC inside the
germinal centres and mantle zones of human Llonsils from
paticnds with Cucial trduimas or tumours. [n their study, EgM-
AFCuand [pD-AFC were hardly found in the different tonsilkar
compirtments, The ubsence of IgE-AFC in the present study is
also in agreement with observations (com Brandlzizeg of al. [40],
who lound neither IgE-AFC i site nor significant serum TgE
concentralions.

1L-2-, [L-4- und IFN-y-producing cells were localized in the
same compartment as the IgG-AFC and [gA-AFC, This ¢o-
localization of CPC and AFC is similar o the distribuiion of
analegous cell types in mouse spleen. There we delecled 1L-2-,
IL-4- and IFN-p-producing cells together with antigen-specific
AFC in the extrafellicular compartments f10,H].

The high frequency of TFN-p-producing celfs in the present
cxperiments is suggestive for stimulation of anlibody produe-
tion by IFN-y in a humoral fmmunce response, fn vitro
experiments by Jelinek ef ol [)7) alse demonstrated the
sticnulatory elfect of 1Ny on the growth and differcntiution of
immunoglobulin-secreting tonsillar B cells after stimulation
willl Steplipdococcus aurens.

The detection of occasional IL-4-producing cells and the
absence of [gE-AFC in tonsillar tissue might be ascribed to the
high production of [FN-y, which down-regutates H.-4-induced
1gE production, as earlier described by Dol Prele er o [18]. They
demonsiraded i witro in human T cell clones that IFN-y
antagonizes largely the effects of 1L-4 on B cells, including 1gE
preduction,

The suggestion of intcractions between CPC and AFC
oceurring in the extrafollicular arca, as discussed above,
suggesls that T-B cell interactions might be restricted 1o this
compariment. [t appears that the sequence ol events leading Lo

an unlibody response as deseribed by Van den Ecrtwegh f af,
[19] miaay have its human counlerpartin lonsillitis. Anligens wilt
be taken up and processed by macrophages or IDC in (he
extrafollicular area, Upen conlact, antigen-specific T cells are
activited und proliferate, B cells inside the germinal centre that
bind soluble or processed antigen migratc inle the mantle zene
und extrafellicular area. Subsequently, these B cells encounter
the specific T cells in the extrafellicular area, and T-B cell
interactions with eytokine and antibody production, including
isolype swilching, are likely to occur,
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CYTOKINES IN ALLERGIC CONTACT DERMATITIS

ENHANCED IL-1e, IL-2, TEN-y AND TNF-«
PRODUCTION IN ALLERGIC CONTACT DERMATITIS
IN HUMAN SKIN: AN IN SITU
IMMUNOHISTOCHEMICAL STUDY

S. Hoefakker™, E.H.M, van *t Erve’, W.J.A, Boersma’,
W.R.F. Notten'?, Th. van Joost® and E. Claassen’

Department of Public Health and Social Medicine, Erasus University, Rotterdam,
Departiment of Immunology and Medical Microbiology, Medical Biological
Laboratory, Organization far Applied Scientific Research, Rifswifk, and
Department of Dermatology, Erasimus University, Rotterdam, The Netherlands

INTROBUCTION

Allergic contact dermatitis (ACD) is a cell-mediated inflammaltory response
of delayed onset (26-72h) to the epicutaneous application of highly reactive
simple chemical compounds (haptens). Cells of the dermis as well as the
epidermis play un active role in the locul inflammaltory events in ACD.

The presence of various cytokines in the epidermis as well as in the dermis
has frequently been reported (4,24,20,17,19). Keratinocytes in the epidermis in
normal and allergic affected skin and both Langerhans cells and macrophages
penetrating the dermis in allergic affected skin, are capable of producing a
variety of cytokines including the commonly produced inflammatory cytokines
IL-1e and TNF-«.

In vive modulation experiments in both animal (12,228) and man (9)
demonstrated that injection of IL-le produced leukocyte-rich inflammatory
reactions, Anti-TNF-g antibody treatment was an effective inhibitor in ACD
based on an i1 vive study in sensitized mice (21).

During the course of an ACD reaction in the skin, leukoeytes especially
T-lymphocytes are recruited from the blood into the inflimmatory site (13).
There is ample evidence that predominantly CD4* T-lymphocytes play a central
role in ACD. Transfer of ACD in the mouse can be mediated by CD4* T-
helper-1 (THI1) lymphocytes (6). Within panels of T-lymphocyte clones
randomly prepared from biopsies of experimentally nickel-induced skin lesions
in nickel-allergic individuals, it was found that nickel-specific CD4' T-lympho-
cytes occur in relatively higher frequencies in these lesions when compured to
non-allergic control individuals (15).

Interferon-y (IFN-y) and interlevkin-2 (IL-2) are cytokines produced by
activated T-lymphacytes, Based on in vifro experiments (25,16) and in vivo
modulation studies in both animal (10,28,14) and man (3) they may be
expected to appear particularly in ACD,
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Considering the fact that i vitro manipulations like cell separations and
culture may introduce artefacts and at least essentially change the
microenvironment of the cells, it is somewhat premature to predict the role of
cytokines in a disease process based on in vitro experiments. fn vivo modulation
studies provide an alternative approach to study the role of cytokines in a
disease process. In contrast to in vifro experiments, in vivo modulation
experiments allow to study the effect of cytokine or anti-cytokine treatment in
an unchanged context of immune cells in vivo,

Detection of cytokines by in sitw immunohistochemical techniques enables to
study the cytokine expression of cells in their unchanged original
microenvironment, without cytokine or anti-cytokine treatment. Feasibility of
the in sitt immunohistochemical detection of cytokines at single cell levels by
cytokine specific moneclonat antibodies has been demonstrated in different
human skin diseases (2,11,26).

To further extent the understanding of the role of cytokines in the regulation
of allergic responses, we investigated the potentials of immunohistochemical
techniques in the in vive analysis of a cytokine-mediated contact allergic
response, Furthermore, the study was aimed to immunchistochemically
compare the cytokine secretion pattern in skin biopsies from epoxy resin and
formaldehyde allergic individuals, control "normal" skin biopsies from these
persons and normal skin from control persons.

MATERIAL AND METHODS

Participants

Six volunteers {male adults) took part in the study after giving informed
consent. Persons known to be allergic for epoxy resin (n=2) and persons known
to be allergic for formaldehyde (n=2) participated in the allergic patch-test.
Non-allergic individuals (n=2) were the control persons.

The allergic patch-test was performed with 1% formaldehyde in aquadest
and 1% epoxy resin in petrolatum. Finn chambers (10 mm) (Epitest, LTD. Oy,
Payala, Finland) were used for occlusion and fixed on the back skin of the
participants for 48 hours. As controls, simultaneous patch-tests with petrolutum
and aguadest were performed at un area sufficiently distant from the allergic
patch-tests.

Biopsy specimens

Three five-millimeter punch biopsies were taken from each person which
participated in the allergic patch test. One biopsy was a control at t=0, one was
a control from clinically unaffected skin at (=72 hours and one was from
clinically affected skin at t=72 hours. One biopsy was taken from the non-
allergic individuals. Biopsy specimen were snapfrozen and stored at -70°C.
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Monoclonal antibodies

Vmpl8, a specific mouse monoclonal antibody (MADb) to the synthetic
peptide 199-208 of mouse anti TL-la, corresponds to 196-205 in the human
sequence and was kindly provided by Dr. O. Boraschi (23). DMS-1, a mouse
MADb to recombinant humaan TL-2, was purchased from Sanbio (Uden, the
Netherlands). The mouse MAb MD-2, which newtralizes human TFN-y, was
kindly provided by Dr. P. van der Meide (27). Mouse MAb 61E71, recognizing
human TNF-«, was a generous gift from Dr. W. Buurman (5).

These MAb's were all from the isotype IgG . As control for anti-isotype and
concentration-match, a mouse MAb against HIV-1 gpi20 (ITTB isolate) was
used and made available by Dr. J. Laman (18).

Immunohistochemical staining

Cryostate sections {8 pm) were fixed for 10 min. in fresh acetone, containing
0.02% H,0,. Slides were incubated overnight at 4°C with Vmp18, MD-2, DMS-
I, 61E71 and 1633. All reagents were diluted in PBS containing 0.19% BSA and
titrated to get optimal results, After incubation the slides were washed with
PBS and incubated for another 6f) min. at room temperature with second-step
Rabbit-anti-Mouse Ig{total) conjugated to horseradish-peroxydase (RaM-HRP)
(Dakopatts, Denmark) diluted optimally in PBS containing 1% BSA and 1%
normal human serum. Sections were washed with PBS and histochemical
revelation of HRP was performed with 3-amino-9-ethylearbazole (AEC) as the
substrale. Slides were counterstained with hematoxytin for 15 sec. and mounted
in glycerol/gefatin (7).

RESULTS AND DISCUSSION

We investigated cylokine expression by in sitt immunchistochemistry on
ciyostat sections of clinieally manifest contact allergic skin alter application of
epoxy resin and formaldehyde, on "normal" skin from allergic persons at t=0
and t=72 hours and on normal skin from control persons.

No staining was seen in control slides from skin sections treated by omission,
concentralion- and isotype-matched substitution of the primary antibody (FIG.
La, le). After incubation with VmplI8 and histochemical revelation, TL-la
positive keratinocytes, characterized by a cytoplasmic staining, were detected in
the epidermis of "normal" skin from allergic persons #t t=0 and t=72 hours as
well as in the normal skin from control persons. In general, significantly
enhanced IL-la production was found in epidermis and in infiltrates in the
dermis in both epoxy resin and formaldehyde (FIG. 1.b) allergic affected skin.
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Analysis of IL-2, IFN-y and TNF-« producing cells revealed that in the cell
clusters in "normal" skin from allergic persons and normal skin from control
persons no significant increase in cytokine producing cells was observed. In
aliergic affected skin an enhanced frequency of TL-2, TFN-y and TNF-a
producing cells was detected in the dense infiltrates. In addition, in allergic
affected skin we could demonstrate TFN-y positive cells in infiltrates in the
dermis (FIG. L.d), which were not seen in control stained slides from allergic
affected skin (FIG. 1.c).

The staining pattern and localization of IL-1« producing cells in epidermis in
control skin in this study was similar to the patterns as described by Antilla et
al. (1}. So far 1L-1a has not been detected immunohistochemically in allergic
affected skin. Dowd et al. (9) mimicked a contact allergic respons. They
reported that intradermal injection of 10-100 U recombinant IL-le in human
volunteers produced erythematous reactions lusting more than 24 hours and
containing mixed leukocyte infiltrates, but the presence of IL-le¢ was not
demonstrated immunohistochemically at the local level. In sitie detection of
IL-1e producing cells in both epidermis as well as dermis in allergic affected
skin in higher frequencies than in "normal' skin from allergic persons and
normal skin from control persons strongly supports the notion that this
cytokine may be an important mediator in contact hypersensitivity reactions.

In contact allergy the frequencies of 1L-2, TNF-a and IFN-y positive cells
were increased compared to normal or “normal” sensitized skin. These results
indicate that IL-2, TNF-¢ and IFN-y are important mediators in contact
allergic reactions as already suggested by the results of i vitro and in vive
modulation studies (25,16,10,28,14,3,21).

In conclusion, this study demonstrates the potentials of the in sitm
immunohistochemical approach to the in vivo analysis of a cytokine-mediated
contact allergic response in man, With respect to the possible role of cytokines
in allergic contact dermatitis these findings indicate that IL-1e, [L-2, IFN-y and
TNF-« may be used us differential markers for "normal” and allergic effected
skin, Furthermore, in combination with other techniques, this method will
facilitate the analysis of the role of these cytokines and the in vivo kinetics
during an altergic contact reaction.

In addition, studies with more participants and a quantitative scoring-
methodology are presently under investigation,
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FIG. 1: Tissuc sections from an ailergic skin lesion counterstained with hematoxylin; a) control
stained section without primary antibody, b) IL-1e positive cells detected in the epidermis and in
infiltrates in the dermis, ¢) contral stained section without primary antibody, and d) IFN-y positive
cells detected in infiltrates in the dermis.
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ABSTRACT

Local cytokine profiles in skin biopsies from allergic and irritant patch test reactions
were determined by in vivo immunohistochemistry to differentiate between these two
clinically identical afflictions especially at the time of final reading in diagnostic
dermatology. Biopsies were taken from estublished ullergic persons after specific
allergic patch tests for epoxy resin (196) and formaldehyde (19} and from non-allergic
individuals with irritant patch tests for sodium lauryl sulphate (10%) and
formaldehyde (8%). At 72 hours after application of the agents, significart enhanced
frequencies of dermal infiltrating cells producing 1L-le, TNF-a, 11-2, and IFN-y per
100 infiltrating cells in the dermis were observed in allergic as well as in irritant patch
test reactions as compared to normal skin. Significant higher frequencies of IL-la
producing cells were observed in biopsies from epoxy resin (1%%) altergic and sodium
lauryl sulphate (10%) irritant affected skin as compared to formaldehyde (19%)
allergic affected skin. In addition, significant higher frequencies of TNF-a producing
cells were observed in epoxy resin allergic affected skin as compared to formaldehyde
(1%) allergic and formaldehyde (8%) irritant affected skin. The allergic and irritant
patch test reactions showed similar levels of expression of the Th1 cytokines IL-2 and
IFN-y in the dermis, confirmed by probe based detection of IL-2 mRNA and IFN-y
mRNA,

In conclusion, the described similarity shows that allergens as well as irritants can
induce the same profile of IL-la, TNF-a, IL-2, and IFN-y production resulting in the
almost impossibility to discriminate between allergic and irritant contaet dermatitis at
the time of patch test reading,
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INTRODUCTION

Exposure to several chemical subsiances may result in allergic as well as irritant
contact dermatitis {1). The correct assessment of allergic and irritant contact
dermatitis may pose considerable problems in dermatologic practice. Especially
difficulties may arise when differentiating allergic and irritant patch test reactions at
the time of their final reading, in general 72 hours afler application. Until now both
types of contact dermatitis, despite of their induction by different mechanisms, could
not be differentiated from the macroscopic appearance, electron-microscopy, and light
microscopic histology predeminantly based on the detection of adhesion molecules
and celt phenotypes (2,3). Since epidermal cells and inflammatory cells have the
capacity to produce different cytokines (4-10), the in vivo determination of cytokine
production profiles in the two types of contact dermatitis may provide a differentiation
marker,

In vitro experiments showed that keratinoeytes in normal and allergic affected skin,
and both Langerhans cells and macrophages penetrating the dermis in allergic
affected skin, were capable of producing a variety of cytokines, including the cytokines
IL-1 and TNF-a (4,5). /# vivo modulation experiments in man (6} demonstrated that
injection of recombinant IL-1a produced leukocyte-rich inflammatory reactions in the
skin. Furthermore, the involvement of TNF-a in allergic as well as in irritant contact
dermatitis was demonstrated by the observation that anti-TNF-« antibody treatment
was able to inhibit both types of contact dermatitis reactions in mice (7).

Based on in vive modulation studies, IL-2 and IFN-y are considered to be major
factors in skin inflammation in both animal and man, A recruitment of lymphoeytes
into the skin of rats was found after intradermal injection of IFN-y (8) whereas
intradermal IFN-y injection in man induced a moderate perivascular dermal infiltrate
(9). Systemic administration of IL-2 induced an enhancement of a delayed
hypersensitivity reaction to a contact allergen (10), Mosmann et al. (11) distinguished
two main types of T-cells in the mouse: Thi cells praduce IE-2 and IFN-y, whereas
Th2 cells express IL-4 and [L-5. As a result of these findings in the mouse, different
human inflammatory diseases have been associated with cells preferentially expressing
a Thi or Th2 profile (12). In allergic contact dermaltitis Kapsenberg et al. (13)
demonstrated Thl cytokine production profiles of nickel-specific CD4' T-cell clones
from nicke! contact allergic individuals,

Studies into the role of the Thl cytokines IL-2 and IFN-y in irritant reactions are
scarce, Hunziker et al. (14) observed a 2-3-fold increase of IL-2 in human skin iymph
derived from sodium lauryl sulphate induced contact dermatitis 72 hours after the first
application of the irritant. Moreover, Enk and Katz (15} demonstrated in mice, by
sensitive reverse transcriptase-polymerase chain reaction technique, an upregulation of
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IFN-y mRNA after both allergen and irritant painting during the first 4 hours of
contaet dermatitis,

In the present study, we compared the expression of "lL-1e and TNF-¢" and the
expression of the Thl cytokines "TL-2 and IFN-y" in patch test reactions elicited with
the industrial agents epoxy resin (1%) and formaldehyde (1%} for the allergic
reactions and with sodium lauryl sulphate (10%) and formaldehyde (8%) for the
irritant reactions.

PATIENTS AND METHODS

Participants and skin testing methods

Volunteers (n=23) took part in the study after giving informed consent, Persons
proven to be allergic for epoxy resin (n=6) and persons proven to be allergic for
formaldehyde (n=6) participated in the allergic patch test, The allergic patch test was
performed on the back with 1% formaldehyde in aquadest and 1% epoxy resin in
petrolatum; these concentrations are routinely used in diagnostic procedures. For the
irritant application non-allergic individuals were treated on the back with 10% sodium
lauryl sulphate in petrolatum (n=>5}) and 8% formaldehyde in aquadest (n=6). These
concentrations were established to cause an intensity of inflammation equal to the
allergic reaction in a pilot dose-response study. This means that, determined by
clinical inspection, the same degree of intense erythema and moderate infiltration was
seen in the allergic and irritant patch test reactions. According to the established
international criteria (16) all reactions were classified as moderate allergic (++) or
irritant {++} at the final reading (72 hours). Finn chambers (10 mm} (Epitest-Ltd.
Oy, Payala, Finland) were used for occlusion and fixed on the back skin of the
participants for 48 hours. Two 4mm punch skin biopsies were obtained; one from
allergen or irritant challenged skin at 72 hours after application and one from normal
control skin at an area on the back sufficiently distant (> 10 ¢m} from the allergic or
irritant patch test. To ensure the non-allergic individuals treated with 8%
formaldehyde were not allergic, the reaction to 1% formaldehyde was also determined
by clinical inspection without taking a biopsy, Biopsy specimens were immediately
frozen in liquid nitrogen and stored at -70°C. The time choices of 48 hours of
application and 72 hours to evaluate the results and to take biopsies are generally
established in patch test procedures ([6).

Chemicals
3-amino-9-ethylcarbazole (AEC; A-5754), S-bromo-4-chloro-3-indolyl-phosphate
(BCIP; B-8503), levamisole, salmon sperm DNA (D-1626), dextran sulphate (D-8906),
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bovine serum albumin (BSA;

A-9647), poly-L-lysine (P-1274), nitro blue tetrazolium salt (NBT) and polyvinyl
pyrrolidone (PVP) were obtained from Sigma (St. Louis, MO, U.S.A)). Diethyl
pyrocarbonate (DEPC) was obtained from Serva Feinbiochemica (Heidelberg,
Germany). DNA tailing kit (1028 707} and sheep-anti-digoxigenin-alkaline-
phosphatase{AP) Fab Fragments (1093 274) were purchased from Boehringer
(Mannheim, Germany). Ficolt {17- 0400-01) was obtained from Pharmacia (Uppsala,
Sweden). Formamide (D-6100) was purchased from Merck (Darmstadt, Germany),
Ion exchange resin (AG-501-X8) was obtained from Bio-Rad (Richmond, CA, U.S.A.).

Antibodies and immunohistechemistry

Vmpl8, a mouse monoclonal antibody (MAb} specific for human IL-1e was kindly
provided by Dr. D. Boraschi, Laboratorio di Immunofarmacologia, Centro Ricerche
Sclavo, Siena, Ifaly (17). Mouse MAb 61E7I, recognizing human TNF-a, was a
generous gift from Dr. W. Buurman, Department of Surgery, Biomedical Center,
University of Limburg, Maastricht, The Netherlands (18). DMS-1, a mouse MAb to
recombinant human 1L-2 was purchased from Sanbio (Uden, The Netherlands), The
mouse MAb MD-2 to human IFN-y was donated by Dr. P, Van der Meide from our
institute (19). The MAbs were all of the IgG1-isotype. 61E71, DMS-1 and MD-2 were
tested for their specificity in a previous study (26). A mouse IgGl MAb specific for
HIV-1 gpl20 (IMIB-V3-21 isolate) was used as an isotype matched negative reagent
control (21). The secondary antibody, rabbit-anti-mouse (total-Ig) horseradish-
peroxidase (HRP) conjugated, was purchased from Dakopatis (Copenhagen,
Denmark).

Cryostat sections (8 pm) were fixed for 10 min in fresh acetone, containing $,02%
H,0, Slides were incubated overpight at 4°C with the panel of antibodies, All
reagents were diluted in PBS containing 0.1% BSA and titrated to get optimal results.
After incubation the slides were washed with PBS and incubated for another 60 min
at room temperature with rabbit-anti-mouse-HRP diluted optimally in PBS containing
1% BSA and 1% normal lmman serum. Sections were washed with PBS and
histochemical revelation of HRP was performed with AEC as the subsirate according
to Claassen and Adler (22). Slides were counterstained with hematoxylin for 15 s and
mounted in glycerol/gelatin.

Probes and mRNA-probe hybridisation

The synthetic digoxigenin labelled oligonucleotide probe cocktail complementary to
human IL-2 mRNA (BPR13} was purchased from British Biotechnology Limited,
Oxford, U.K. The probe cocktail against IFN-y mRNA was kindly provided by Dr.
M.N, Woodreofe (23). The negative control probe also used by Maitsuki et al, {24), a
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synthetic oligonucleotide (GGCGACG-CGCCGTATTTATAATTCATTATG), was
prepared on a DNA synthesizer (Cyclone plus DNA synthesizer, BioGen/Biosearch
Division of Millipore, Etten-Leur, The Netherlands), and labelled with digoxigenin
using terminal deoxynucleotidyl transferase as previously described by Schmitz et al.
(25).

The hybridisation technique was adapted from Woodroofe et al. (26). Cryostat
sections (8 pum) were cut onto poly-L-lysine-coated slides. Sections were fixed for 10
min in 4% paraformaldehyde in 0.1 M PBS and 0.02% DEPC (pH 7.4). Washing
consisted of three sequential 10 min baths; 1) 1M PBS {(pH 7.4}; 2) 1M PBS (pH 7.4);
3) 2x standard saline citrate (SSC) (0.3 M NaCl, 0,03 M Na-citrate, pH 7). Slides were
prehybridized for 2 h at 37°C by using a hybridisation nix consisting of 50%
deionized formamide (by ion exchange resin), 109 dextran sulphate, 30% 20xSSC, 5x
Denhart’s (0.1% Ficoll, 0.1% BSA, 0.1% PVP) and 100 pg/ml denatured salm sperm
DNA., For hybridisation a probe mixture was added consisting of the probe (2 pg/ml)
in hybridisation mix under parafitm. Hybridisation proceeded for 17 h at 37°C. Slides
were washed in six sequential § min baths: [) 30% deionized formamide in 4xSSC, 2)
30% deionized formamide in 4xSSC, 3) 30% deionized formamide in 2xSSC, 4) 30%
deionized formamide in 2xSSC, 5) 30% deionized formamide in 0.2xSSC at 37°C, and
6) 30% deionized formamide in 0.2x8SC at 37°C. Sections were prepared for
immunological detection by washing for 5 min in buffer 1 (0.1 M Tris-HCLO.I5 M
NaCl, pH 7.5). Slides were incubated for 30 min with 29 normal sheep sernm (NSS)
in buffer 1. AP-conjugated sheep-anti-digoxigenin was applied at 1:500 in 2% NSS in
buffer 1 for 3 h at RT. Unbound conjugate was removed by washing in two changes of
buffer 1 followed by one wash in buffer 2 (0.1 M Tris-HCIL 0.1 M NaCl, 0.05 M
MgCl, pH 95). For the visnalization of AP-aclivily, sections were incubated for
several hours with 240 pp/ml levamisole, 0.34 mg/ml NBT and 0.18 mg/ml BCIP in
buffer 2. The staining reaction was stopped with buffer 3 (0.01M Tris-HCl, 1mM
EDTA, pH 8.0). Slides were mounied in glycerol/gelatin,

Quantification and statistical analysis

Frequencies of cells with evident cytokine production and the total number of cells
in the dermis were determined by using an eyepiece graticule. For each biopsy, one
section was stained and at feast 2 fields were analysed. Frequencies were expressed as
the mean =S per 100 cells in the dermis of the group.

Results were analysed by the (wo-sample Student’s t-test for comparison of two
empirical means in a normally distributed population (P<0.05).
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RESULTS

Cytokine production profiles in allergic reactions to epoxy resin (1%) and
formaldehyde (1%) and in irritant reactions to formaldehyde (8%) and sodium lauryl
sulphate (1095) were compared.

In the present study, as was found in our previous study (20), no staining was seen in
control stides from any specimen treated by omission (Fig. 1a) or substitution of the
primary antibodies specific for the human cytokines by a mouse IgG1 MAb specific
for HIV-1 gp120 (Fig. 1g).

In normal skin biopsied before application IL-le-producing-cells{PC) were detected
in the epidermis. For TNF-a we found weak staining inside the epidermis, especially
in the high epidermal layers. Staining with the MAbs specific for 1L-2 and IFN-y (Fig.
1d) revealed that no or a few little rounded red cells were observed producing these
cytokines in normal skin.

To evaluate the effect of skin treatment with two different allergens (Fig. 2) and
irritants (Fig. 3} to normal skin the numbers of cells inside the dermis producing a
specific cytokine (per 100 cells) were determined. At 72 hours after application with
the two allergens as well as the two irritants significant enhanced frequencies of IL-
1a-PC (Fig. 1b), TNF-a-PC (Fig, 1c), IFN-y-PC (Fig. le,f), and IL-2-PC (Fig. 1h,i)
were observed in mononuclear cell infiltrates in the dermis as compared to normal
skin, For IL-2 and IFN-y no significant differences were found between the
frequencies of cytokine-PC in biopsies from allergic affected skin after exposure to
epoxy resin (19%) as compared to formatdehyde (19%) (Fig. 2), and in biopsies from
irritant affected skin after exposure to formaldehyde (8%) as compared to sodium
lauryl sulphate (10%) {Fig. 3). In the biopsies from epoxy resin (19} exposed skin the
frequencies of 1L-1a-PC and TNF-a-PC were significantly higher than the frequencies
of TL-1a-PC and TNF-a-PC after exposure to formaldehyde (1%) (Fig. 2). For the
frequencies of IL-1o-PC and TNF-a-PC no significant differences were found
dependent on the irritant applied (Fig. 3).

We then compared the cylokine production between allergic and irritant contact
dermatitis, With respect to 1L-2 and TFN-y a remarkable resemblance was observed in
biopsies from allergic affected skin due to formaldehyde (19%) and epoxy resin (1%e)
as compared to the biopsies from irritant affected skin due to formaldehyde (892} and
sodium lauryl sulphate (10%). Significant higher frequencies of IL-1e-PC were
observed in sodium lauryl sulphate (10%) irritant as compared to formaldehyde (19%)
allergic affected skin, whereas significant higher frequencies of TNF-a-PC were
observed in epoxy resin (19) allergic affected skin as compared to formaldehyde
(8%) irritant affected skin,

in the epidermis, investigation of the localisation of IL-1a-PC showed that the
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patterns of IL-1a-PC were highly simitar at 72 hours after application of allergen or
irritant.

IL-1a-PC were observed in all epidermal cell layers. In addition, the pattern was
similar as was observed in normal skin. The epidermal TNF-¢ staining in allergic as
well as in irritant affected skin was found to be more intense as compared to staining
of TNF-a in normal skin and predominantly observed in the lower epidermal cell
layers including the basal cell layer next to the dermal infiltrates,

To confirm part of these immunohistochemical findings, probe based in vivo mRNA-
hybridisation for IL-2 and IFN-y was performed. Mononuclear cells with distinct
cytoptasmic expression of IL-2 mRNA and IFN-y mRNA (Fig. 4b) were observed in
the infiltrates in the dermis in both allergic and irritant affected skin, No staining was
observed in sections from affected skin treated by omission of the specific IL-2 mRNA
or IFN-y mRNA probe (Fig. 4a) or in sections treated by the negative control probe.

> >Figure 1. Anfibody bused in vivo imununoperoxidase staining for cytokine-producing cells in
cryosiat sections of skin biopsies from allergic and irritant patch lest reactions. (a} Absence of
staining i a section from normal skin treated by omission of primary antibody ( x 100). (b) MAb
to IL-1e show IL-10-PC with red cytoplasin i the epidennis and in the infilirates In the dermis
in irritant affected skin due to formaldehyde (8%} ( x 200). (c) TNF- e producing cells present in
the infiltrates in epoxy resin (19} affected skin ( x 200). (d} IFN-y staining of a normal skin
section ( x 100). (e} Presence of little rounded red [EN-y-PC in allergic affected skin due fo epoxy
resine (1%} ( x 200). (f) Presence of little rounded red [FN-y-PC in iritant affecied skin due to
Jormaldehyde (8%) ( x 200). (g) Absence of staining of infiltrating mmononuclear cells in a section
from epoxy resin (1%) affected skin treated by substitution of primary antibody specific for
human cytokines by a mouse [gG1 MAb specific for HIV-1 gpi20 ( x 400). (h) Presence of little
rounded red IL-2-PC in allergic affected skin due to epoxy resin (1%) { x 400). (i} Presence of
little rounded red IL-2-PC in irvitant affected skin due to formaldehyde (8%) ( x 400). Sections
were counterstained with heniatoxiling Arrows indicate mononuclear cell infilfrates.
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Figure 2, Imnwnohistochemical revelation of cytokine profiles in skin biopsies fromt allergic
inclividuals witht established allergic patch test reactions and normal skin using MAbs for IL-1 ¢,
TNF-g, IL-2 and IFN-y. Comparisons were made between epoxy resin (1%) and formnaldelyde
(1%} allergic affected skin and nonnal skin. After immunctiistocheriical revelation the numbers
of cytokine producing cells (CPC) were quantified as described in patients and methods, Bars
represent means of frequencies with standard deviation per 100 cells in the dennis, A significant
enftancemcnt of IL-1e¢ and TNF-wa expression was observed in epoxy resin (1%) affected skin as
compared to formaldehyde (19%) affected skin (P <0.05).
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Figure 3. Inmnunohistachiemical revelation of cytokine profiles in skin biopsies from individuals
with established irritant patch test reactions and normal skin using MAbs for IL-1«, TNF-a, IL-2
and IFN-y. Comiparisons were made between sodium lawyl sulphate (SLS) (10%) and
formaldehyde (8%) irvitant affected skin and normal skin. After imnuwno-histochemical revelation
the rumbers of cytokine producing cells (CPC) were quantified as described in patients and
methods. Bars represent means of frequencies with standard deviation per 100 cells in the dermis.
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Figure 4. Probe based in vivo mRNA hybridisation. (a) Absence of staining in a section from
allergic affected skin due to formaldehyde (1%) treated by omission of the probe to IFN-y mRNA
{ x 200). (b} IFN-y mRNA-PC with a dark blue cyfoplasm localized inside the infiltrate in the
denmis in aflergic affected skin due to formaldehyde (19%) { x 400).
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DISCUSSION

This study has demonstrated that based on the in vivo detection of the Thl cytokines
"[L-2 and IFN-y" and the common inflammatory cytokines "IL-1 and TNF-o" definitive
discrimination between allergic and irritant coniact dermatitis conld not be established
at the time of patch test reading {(72h),

The production of IL-le and TNF-o was upregulated during both allergic and
irritant contact dermatitis. Interestingly, significant differences in frequencies of IL.-1o-
PC and TNF-a-PC between the four different treated groups were observed. These
findings suggested a relatively large non-specific inflammatory component in epoxy
resin (196} allergic as compared to formaldehyde (190} allergic affected skin. We
identified an intense infiltration of mononuclear cells in epoxy resin (1%) allergic as
compared to formaldehyde (1%) allergic affected skin. Thus the contribution of a
non-specific component in allergic inflammation may be dependent on the allergen
applied, The upregulation of IL-1e and TNF-a has not been detected before with in
sitt. methadology, although Dowd et al. (6) demonstrated by in vivoe modulation
experiments in man that injection of IL-le caused leukocyte-rich inflammatory
reactions, Furthermore, the involvement of TNF-a in allergic as weil as in irritant
contact dermatitis was confirmed by Piquet et al. (7) who showed that anti-TNF-a
antibody treatment could be an effective inhibitor of both types of contact dermatitis
in mice.

The in vive demonstration revealed a significant increase in the frequencies of IL-2-
PC and IFN-y-PC in both allergen and irritant affected skin as compared to the
frequencies in normal skin, The presence of IL-2 and IFN-y in the infiltrates in the
dermis in both allergic and irritant reactions was confirmed by the presence of
respectively the corresponding IL-2 mRNA and IFN-y mRNA also localized in the
dermal infiltrates in the same biopsies, These findings indicate an involvement of Thl
cytokines in the process of generation of antigen and non-antigen specific T-cell
responses,

We chose the 72 hour time point to evaluate the effect of skin exposure to different
allergens or irritants, because differentiation of the reaction type (allergic versus
irritant) based on routine clinical observation especially at later peints in time is
sometimes difficult, Furthermore, pilot studies pointed out that the amount of
infiltrating inflammatory cells producing cytokines does not reach a maximum before
this time point.

Using in vive techniques reproducibility is determined by several faclors in particular
inter-patient and assay to assay or day to day variation. As with all studies using
human volunteers and contact allergens or irritants, reproducibility depends on
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standardisation of dose and form of application on the skin. The results obtained in
this study as shown by the standard deviations were within acceptable limits. For each
assay and day well defined standardized reagents with minimal or no batch to batch
variation were used. As observed in the sections analysed, the results were completely
reproducible concerning qualification,

To ensure that cells producing cytokines detected in the biopsies from allergic and
irritant contact dermatitis patch test reactions (at 72 hours) are generated by
challenge of the skin with an allergen or irritant, normal control skin biopsies were
also obtained at 72 hours. 1L-1a-PC and TNF-a-PC were detected in the epidermis in
normal control skin. This is in agreement with previous studies. Antilla et al. (26)
detected IL-1a-PC in all epidermal cell layers in normal human skin in wvivo.
Furthermore, an /n vitro study with cultured human keratinccytes, described by
Kupper et at. (27,28) supported our in vive findings. Cultured keratinocytles appear to
produce TL-1 spontaneously. TNF-a mRNA-PC were detected in normal mouse ears
by Piquet et al. (7) while TNF-a-PC were delected in the stratum granulesum and
stratum spinosum in normal human skin by Oxholm et al. (29).

The observed cytokine profiles in allergic and irritant contact dermatitis, as
described here, strongly suggest that a similar stage of inflammation, with non-naive
T-cells, at 72 hours after application of an allergen or irritant might be induced in the
two reaction types. This is supported by an extensive immunophenotypic study
performed by Brasch et al. {3). In allergic contact dermatitis epidermat cells will
produce and secrete pro-inflammatory cytokines such as IL-le and TNF-¢ while
allergens will be taken up by Langerhans cells or other dendritic cells. In the case of
antigen recognition antigen-specific T-cells are activated and produce IL-2, IFN-y, and
TNF-«. Furthermore, antigen-non-specific T-cells are activated by cytokines produced
by antigen-specific T-cells or epidermal cells. In the case of irritant contact dermatitis
epidermal cells will produce and secrete IL-lo and TNF-a. The cytokine release by
the epidermal cells induces an antigen-non-specific T-cell activation and subsequently
IL-2, IFN-y, and TNF-a production. Thus, in both reaction types infiltrating
inflammatory mononuclear cells might be responsible for the IL-fe, TNF-a, IL-2 and
IFN-y production inside the infiltrates in the dermds. Until now, concerning
differences in cytokine production between allergic and irritant contact dermatitis,
enhanced Langerhans cell-derived IL-13 mRNA was detected as early as 15 min after
skin painting with allergens and not with irritants in mice (I5).

In conclusion, the described similarity in c¢ytokine profiles in both allergic and
irritant contact dermatitis suggest thut common inflammatory stages are reached,
Furthermore, the enhanced cytokine production fails to distinguish between the two
reaction types after 72 hours of application, Further investigation into the kinetics of
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cytokine production “including TL-18", double/triple staining of twe or three different
cytokines (Th1/Th2), other low molecular weight response mediators or activation
markers might be useful to discriminate between allergic and irritant contact
dermatitis.
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ABSTRACT

In vino and in vive modulation experiments indicate the existence of a balance
between ThI{IL-2 and IFN-y) and Th2 (Il.-4 and IL-10) cytokine producing cells in
the modulation of human allergic contact dermatitis. Allergic and irritant contact
dermatitis, despite their induction by different mechanisms, could not be differentiated
based on the expression of the Thl like cytokines 1L-2 and IFN-y at 72 h after
application of the allergen or irritant. In mice IL-10 mRNA and JE-1§ mRNA are
produced by epidermal cells after skin application of contact sensitizers but not after
skin application of irritants. To assess whether the cytokine prefile based on the
differential expression of IL-4, IL-10 and IL-18 could be used as marker, we studied
the expression of these cytokines in cryostat sections of skin biopsies. The biopsies
were obtained from allergen and irritant contact dermatitis affected human skin sites
at 72 h after application of the allergen or irritant. In the epidermal part of the
biopsies enhanced expression was observed of IL-10 and IL-18 both in allergic and
frritant affected skin as compared to normal skin, No epidermal 1L-4 producing cells
were found. In the dermal part enhanced expression was observed for IL-4, IL-10 and
1L-18 in both allergic as well as irritant contact dermatitis, Minor differences were
found between the IL-4, IL-10 and IL-13 data in the allergic and irritant affected
groups of patients.

Cytokine based immune medulation is the result of a critical balance between the
actions of various cytokines. As a consequence, an obvious difference was established
between the ratios of 1L-4 ; IL-10 ; IL-18 in allergic and irritant contact dermatitis,
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INTRODUCTION

Exposure to several chemical substances may result in allergic as well as irritant
contact dermatitis dependent on local concentration and the nature of the chemical
substance (1). However, the correct assessment of allergic and irritant contact
dermatitis may pose consideruble problems in dermatologic practice. Even
differentiation of the reaction type based on routine clinical observation, electron-
microscopy and light microscopical histology is sometimes difficult (2,3).

In previous studies we attempted to distinguish between allergic contact dermatitis
and irritant contact dermatitis on the basis of local cytokine profiles. Allergic contact
dermatitis is based on a specific immune response, whereas irritant contact dermatitis
is based on non-specific cell activation. We therefore chose to differentiate dermatitis
on the basis of the expression of specific eytokines, L.e. IL-2 and TFN-y, as well as the
expresion of common inflammatory cytokines, Le. IL-la and TNF-2. We demon-
strated that the common intlammatory cytokines were produced in both allergic as
well as irritant reaction types at 72 h after reagent application (4). In addition, the
Thi-related cytokines IL-2 and TFN-y which were expected to be predominantly
present in specific immune responses were observed in both the allergic as well as in
the irritant reaction types at the time point investigated. As a consequence, we still
felt the need for differentiation markers in contact dermatitis.

IL-4 and I1.-10 were shown to be produced by Th2 type cells and play a role in
down-regutation of the function of Thi cells in skin (5-7). 1L-18 and IL-10 can be
produced by epidermal cells (8-10) and modulate inflammatory responses. Langerhans’
cell-derived IL-18 mRNA signal sirength is increased within [5 min and persists at
peak levels at least for 24 h after allergen but not after irritant painting on the mouse
skin (8). In addition, the signal strength of keratinocyte-derived IL-10 mRNA is
enhanced by hapten application to mouse skin (9). Recombinant IL-10 when injected
into the skin before antigenic challenge, prevented the elicitation of contact
hypersensitivity in previously sensitized mice (10). These and other studies into the
role of IL-4, TL-10 and 1L-1B in contact dermatitis so fur suggest that both the down-
regulating Th2 cylokines IL-4 and [L-10 as well as the Langerhans’ cell-derived IL-18
might be differentially involved in allergic dermatitis as compared to irritant contact
dermatitis, In the present study we have investigated the expression of the cytokines
IL-18, 1L-4 and IL-10 in allergic and irritant affected human skin. The biopsies were
taken from human volunteers 72 h after allergen or irritant application. This time
point was chosen since routine dermato-pathology is generally presented at that time
and differentiation of the reaction type is sometimes difficult. Furthermore, at that
time infiltrating cells producing cytokines are present and especially cells with down-
regulating capacity may be expected.
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MATERIALS AND METHODS

Participants, skin testing and biopsies

Informed consent was given by eight volunteers of which four had a history of
specific altergy (ethylene-iamine (1), cobalt chloride (1) and nickel sulphate {2)). The
allergic patch test was performed on the skin of the back of the volunteers with the
known allergen in concentrations used in standardized clinical diagnostic procedures,
Skin of four non-allergic individuals were treated on the back with 10% sodium lauryl
sulphate which was used as an irritant. Finn chambers (10 mm) (Epitest-Ltd. Oy,
Tuusula, Finland) were used for occlusion and fixed on the back skin of the
participants for 48 h., According to the established international criteria {11) all
reactions could be classified either as moderate allergic or irritant at the final reading
(72 h). No erythema, redness or moderate infiltration was seen in vehicle controls.
Two 4mm punch skin biopsies from each volunteer were obtained under the local
effect of an anaesthetic; one from normal skin and one from the allergen or irritant
reaction at 72 h after application. Biopsy specimens were immediately frozen in liquid
nitrogen and stored at -70°C.

Chemicals, antibodies and immunohistochemistry

Immunohistochemistry was performed essentially as described by Hoefakker et al.
{12}, 3-amino-9-ethylcarbazole {AEC; A-5754), Fast blue BB Base (F-125), naphthol
AS MX phosphate (3-hydroxy-2-naphtoic acid 2,4-dimethyl-anilide), levamisole and
bovine serum albumin (BSA; A-9647) were obtained from Sigma (St. Louis, MO,
US.A).

The mouse monoclonal antibody Vhp20 specific for human IL-18 was kindly
provided by Pr, P, Ghiara, IRIS Department of Immunopharmacology, Siena, Italy
{13). The mouse monoclonal antibody {1842-01} to huntan li.-4 was purchased from
Genzyme, Cambridge, MA, USA. The mouse monoclonal antibody MCA 926 to
human IL-10 was purchased from Serotec, Oxford, England.

Vhp20 was used as biotin-labelled antibody conjugated as previously described (14)
and streptavidin-atkaline-phosphatuse (AP) (Life Technologies, Gaithersburg MD,
USA) was used for visualization. The mouse monoclonal antibody 1842-01 was used in
an indirect three-step method with horse-anti-mouse-biotin-labelled secondary
antibody (Vector Laboratories, Burlingame CA, USA) and streptavidin-horseradish
peroxidase (HRP) (Life Technologies, Gaithersburg MD, USA} for visualization. For
the detection of TL-10 an indirect two-step method was used with rabbit-anti-mouse
HRP-labelled antibody (Dakopatts, Copenhagen, Denmark) to visualize IL-10
praducing cells, The specificity of Vhp20 was established in a previous study (13). In
this study the specificity of 1842-01 and MCAY26 was established by preabsorption of
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the antibodies with the recombinant cytokines TL-4 and IL-10, respectively. Solutions
with different concentrations of the antibodies 1842-01 and MCA926 were prepared
and mixed with respectively the affinity-purified recombinant cytokines IL-4 {Sandoz,
Base, Switzerland) and IL-10 (DNAX, Research Institute, Palo Alto, CA, USA) in two
different concentrations. These mixtures were incubated for 2 h at room temperature
and cleared of aggregates and complexes by centrigugation (12000 g, 2 min, 20°C).
The tissues sections from affected skin were incubated directly with these mixtures
and the immunohistochemical staining method was subsequently applied. Regular
procedure controles were included on each slide (12),

For immunohistochemistry cryostat sections (8 pm) were fixed for 10 min in fresh
acetone, containing 0.02% H,0, Slides were incubated overnight at 4°C with the
panel of antibodies. All reagents were diluted in PBS containing 0.1% BSA and
titrated to get optimal results, After incubation the slides were washed with PBS and
incubated for another 60 min at room temperature with the secondary steps diluted
optimally in PBS containing 1% BSA and 1% normal human serum. For the TL-4
detection sections were washed with PBS and incubated with the third step reagent for
60 min. Slides were washed with PBS and histochemical revelation of HRP and AP
was done according to Claassen & Adler (15). Slides were counterstained with
hematoxylin for 15 s and mounted in glycerol/gelatin,

Quantification and statistical analysis

Frequencies of cytokine producing ceils and the total number of cells in the dermis
were determined by using an eyepiece graticule. For each biopsy, one section was
stained with each of the specific antibodies and at least 2 fields were analysed. For the
sections from both allergic as well as irritant affected skin at least 100 cells per field
were counted and analysed for cytokine producing cells. Frequencies of cytokine
producing cells were calculated as the mean per 100 cells = SD in the dermis in one
biopsy. Results of the allergic group of patients and the irritant group of patients were
analyzed by the two-sample Student’s t-test for comparison of two empirical means in
a normally distributed population. The mean frequencies of IL-4 producing cells
observed in the allergic group of patients were compared to the mean frequencies of
IL-4 producing ceils observed in the irritant group of patients. Similar comparisons
were made for the mean frequencies of IL-10 and IL-18 producing cells. The ratios of
the total mean frequencies of IL-4, IL-10 and IL-18 producing cells in the allergic and
irritant group of patients were determined.
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RESULTS

In normal skin erythema and infiltration of mononuclear cells was not observed. In
contrast in both allergic as well as irritant affected skin sites intense erythema and
moderate infiltration with accumulation of mononuclear cells in the dermis was found.

To verify the specificity of the 1L-4 and 1L-10 staining, inhibition experiments were
performed. Preincubation of 1842-01 with recombinant IL-4 and MCA926 with
recombinant IL-10 inhibited the cyiokine-specific staining, No staining was seen in
control sections treated by omission of the primary antibody or after staining with a
isotype matched irrelevant antibody (negative reagent; antigen not present in the
tissue).

In the epidermis IL-10 and IL-18 producing cells were localized in all the cell-tayers
in both normal as well as in the allergic and irritant affecled skin biopsies. However,
in the allergic and irritant reactions, the intensity of IL-18 cytoplasmic staining was
increased as compured to staining in normal skin, The lower epidermal cell layers
close to the dermal infiltrates in biopsies from allergic and irritant affected skin
showed varying degrees of epidermal spongiosis with large keratinocytes,
Predominantly these keratinocytes had an intense red colour. In contrast to the
presence of IL-10 and IL-18 producing cells, no IL-4 producing cells were found in the
epidermis, Fig. 1 illustrates representative cytokine staining results,

In the dermis in normal skin the total number of cytokine producing cells (IL-4, IL-
10, IL-18) was lower than 8% of nucleated cells. In the dermal part of allergic or
irritant affected skin the IL-4, 1L-10 and IL-1 producing cells were found in the
perivascalar spaces. The iL-4 and IL-10 producing cells were found scattered in
groups of small mononuclear cells in the infiltrates, IL-18 producing ceils showed
cytoplasmic staining of cells with a dendritic appearance,

> >Figure 1. Antibody based in vivo staining for cytokine positive cells in allergic and iritant
patch test reactions:

{a) IL-1(} positive cells with red cytoplasmt in the epidermis and in the infiltrates in the dennis
in imitant affected skin. (b} IL-10 positive keratinocytes with red cytoplasm in drvitant affected
skin. (¢} IL-10 positive mononuclear cells with ved cytoplasm in a dermal infiltrate in irvitant
daffected skin, (d} IL-180 positive cells with red cytoplasar in the epidennis in normal skin.

(e} IL-1fi positive cells with blue cytoplasnt in the epidermis and in the dermis in allergic
affected skin. (f} IL-If} positive keratinocytes with blue cytoplasm in allergie affected skin, (g) IL-
1fi positive cells with a dendritic appearance in a dernal infiltrate in allergic affected skin,

{(h} Presence of red IL-4 positive cells in the dermis in allergic affected skin and (i) in iritant
affected skin. () Absence of [L-4 positive cells in the dermiis in a section from normal skin.
Sections were counterstained with hematoxilin, fa,d ) <100, {e,hi) x200 and (b fg) x1060.
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In allergic as well as irritant reactions IL-4 producing cells represented a minor
component of the nucleated cells in the dermis, ranging from 5 to 20%. The IL-10
producing cells made up approximately 20 to 309 of the nucleated cells in the dermis.
IL-18 producing cells were found in the dermis ranging from 10 to 30% of all
nucleated cells in the dermis.

Minor differences were found between the frequencies of IL-4 producing cells in
biopsies from allergic affected skin as compared to the frequencies of cytokine
producing cells in biopsies from irritant affected skin (Table 1), This is also found for
the cytokines IL-10 and TL-18 (Table 1).

Cytokine based immune modulaticn is the result of a critical balance between the
actions of wvarious cytokines. The results of our experiment revealed differences
between the ratios of total mean frequencies of IL-4, IL-10 and IL-18 producing cells
in the allergic and irritant group of patients. The ratio of IL-4 : IL-10 : [L-18is 1 : 3 :
2.5 in the allergic group of patients and 1: 2 : [ in the irritant group of patients, This
means that predominantly in the allergic group of patients and not in the irritant
group of patients more IL-18 producing cells were observed as compared to IL-4
producing cells, The mean frequencies of TL-18 producing cells per IL-4 producing cell
in the allergic group of patients (2.7+1.2) was significantly different (p<0.05) as
compared to the irritant group of patients (1.2+0.4) (Table 1, Fig. 2).

p<0.05

IL-108/IL-4

Figure 2. IL-18 producing cells per IL-4 producing cell in the demnis in aflergic (A) and initant
contact dermnatitis (T). The data presented are the *SD from four patients.
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Table 1, Frequencies of cytokine producing cells in dermal infiltrates in allergic and

irritant patch-test reactions®

Allergic contact dermatitis

Patients
Cylokine 1 2 3 4 mean total
IL-4 8420,2" 9.4+03 55306 21291 89+ 4.5
IL-10 30£85 25229 25%21 2604 26.2+4.8
IL-18 32+53 17,940 19630 17718 21.8=7
L1/ 38 1.9 3.6 15 27+1.2
14
Erritant contact dermatitis
Patients
Cytoking 5 G 7 8 mean total
IL-4 34=09 8.0x57 19,1£2.6 16.9x3.1 134+58
IL-10¢ 33+113 2714+8.4 24,1428 L3114 28985
IL-16 9.5+0.7 9.4+0.9 13226 284+ 16.5 15.1£50.5
TLIR/ 1 1.2 0.7 1.7 12+04
IL-4

*Allergic affected skin duc to cthylene-diumine (1), allergic affected skin due to nickel sulphate (2),
allergic affecied skin due to cobalt chloride (3)allergic alfecied skin due to nickel sulphate (4). Irritant

affected skin duc to sodium kauryl sulphate (5-8).
"Cytokine producing cells were stained with the appropriate monoclonal antibodies and visualization

mecthods (material and methods). Afler immunohistochemical revelation the numbers of cytokine
producing cells were quantificd us deseribed in material and methods, Frequencies of IL-4, IL-10 and IL-

1B producing cells per 100 infiltrating cells = SD in the dermis in the different biopsies.

‘Individuat ratios between IL-18 and IL-4,
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DISCUSSION

This study demonstrates that the frequencies of IL-4, 1L-10 and IL-13 producing
cells as such in allergic and irritunt reactions did not allow to differentiate between
these two reaction types. However, the ratios of total mean frequencies of IL-4, IL-10
and IL-1B producing cells show differences between allergic and irritant contact
dermatitis. Interestingly, a significant difference was observed using the ratio between
1L-4 and IL-15 ie. the mean frequencies of IL-18 producing cells per IL-4 producing
cell. This emphasizes that investigation based on a combination of ¢ytokines in a
"cytokine-profile" may be essential for differentiation between allergic and irritant
contact dermatitis.

In the presently evaluated specimen of biopsies no differences between allergic and
irritant contact dermatitis were observed in the human situation for IL-10 producing
cells. This is in contrast with findings in the mouse system. Enk & Katz (9) found
upregulation of IL-10mRNA in vivo after skin exposure to a contact atlergen but not
to an irritant. This is confirmed by the enhancement of TL-10 as well as IL-10mRNA
production after stimulation with a contact allergen using a murine keratinocyte-cell
ling (9). The differences observed between the results in this study and the data
presented by Enk & Katz (9) may be explained by the differences of species (human
versus mice), time points (72h versus 24h) and techniques used in the two studies. In
the mouse studies the primary immune response in the skin was Investigated, whereas
in this study the secondary immune response was investigated. Furthermore, in the
mouse studies immunoprecipitation to detect IL-10 and PCR to detect IL-10mRNA
was used, whereas we used immunohistochemical staining techniques,

In the present study the mean frequencies of TL-18 producing cells localized in the
dermis were higher after challenging with allergens than observed after irritant
application. The higher frequency of IL-18 producing cells in allergic contact
dermatitis suggests that activated Langerhans’ cells present in the dermis are
producing IL-1B. This hypothesis is confirmed by experiments described by Enk &
Katz (8). However, they described that only epidermal Langerhans cells are
responsible for 1L-15 production after painting mouse skin with allergens and not with
irritants. In our study we observed IL-18 positive keratinocytes in both allergic and
irritant affected skin. These epidermal findings are also in contrast with the mouse
studies in which no specific induction of IL-13 mRNA in keratinocytes by skin
exposure to an ailergen or irritant was demonstrated (8). The discrepancies between
our study in man and the mouse study could be explained by the use of a monoclonal
antibody specific for MHC-class Ii-1a in the cell depletion study performed by Enk &
Katz (8). Not only Langerhans’ cells present in the epidermis as stated by Enk & Katz
(8) but also Langerhans’ cells present in the dermis and keratinocytes may have been
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depleted due to the expression of MHC-class II-Ia molecules on the surface on both
cell-types (16).

The findings with respect to epidermal IL-1f} expression in normal skin are in
agreemem with previous luman studies. Anttila et al. (17) detected IL-16 producing
cells in all epidermal cell layers in normal human skin in wivo. The in vive expression
of IL-10 in normal human skin is demonstrated for the first time in this study.
Moreover, the in vivo enhanced expression of IL-13 and TL-{0 in the epidermal cell
layers in allergic as well as irritant affected human skin was not described before.

In the dermal compartment in both allergic as well as irritant affected skin IE-4, IL-
10 and TL-18 producing cells were detected. It has been shown in in vitro experiments
with nickel specific human T-cell clones that IL-4 is produced in low amounts in
allergic contact dermatitis, Furthermore, modulation experiments (18) demonstrated
that demonstration of IL-10 in human skin inhibits the elicitation phase of allergic
contact hypersensitivity due to the suppression of IFN-y mRNA upregulation in
ongoing immune responses. The simultaneous expression of IL-4 and IL-10 in this
study suggests an important role for both IL4 as well as for IL-10 as
immunoregulators by inhibition of IL-2 and IFN-y production, Although we have
investigated the staining patterns and the frequencies of IL-4, IL-10 and IL-18
producing cells in allergic and irritant contact dermatitis only at one time-point (72h)
our results indicate that both allergic and irritant responses determined /i vivo are not
predominantly Thl or Th2 responses, It appeuars that there is a similar balance
between Thil and Th2 cytokine producing cells in allergic and irritant contact
dermatitis, This {s in agreement with experimenis described by Thomson et al. (19) in
which both IL-4-mRNA as well as IFN-y-mRNA was measured after 24h culture with
anti-CD3 antibody in oxazolone primed lymph node cells after 3 days after skin
application with oxazolone in mice,

Ditferences between the total mean frequencies of 1L-4, IL-10 and IL-1f} producing
cells in allergic and irritant contact dermatitis were limited. However, differences
between the ratios of total mean frequencies of TL-4 : TL-10 : IL-18 producing cells in
the allergic as compared to the irritant group of patients were found, which might
allow to distinguish these dermatitis. Using the ratios between 1L-4 and IL-1B an
obvious difference was found between the two reaction types, This indicates that 72 h
after application of an allergen or irritant the balance between IL-4 and IL-18
production is dependent on the type of contact dermatitis reaction. In any case
differentiation between allergic and irritant contact dermatitis based on a combination
of different cytokines "cytokine profile" might be possible in the future. The
combination of IL-4 with IL- 1 is an example.
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ABSTRACT

A central role for interaction between CD4{ expression on B-cells and CD40 ligand
(gp39) expressed on activated CD4 positive T-cells has been shown for thymus depen-
dent antibody responses, Recently i1 was established that cultured Langerhans cells
express CD40. Furthermore, it is known that antigen specific activated T-cells are
present in the skin during a contact hypersensitivity reaction (categorized as a
delayed-type hypersensitivity response, DTH). This suggests that CID40-bearing
Langerhans cells could be involved in both the DTH and the humoral response
induced by contact allergens. Therefare, in this study we investigated the role of CD4)
ligand-CD40 inferaction in the humoral response and the DTH response after skin
exposure to the contact allergen dinitrochlorobenzene (DNCB).

We analysed the expression of CD40 and CD40 ligand in contact hypersensitivity in
human skin as well as in mice. In mice, we evaluated the humoral response by looking
at the cffect of jn vive anti-CD40 Hgand antibody treatment on the frequencies of
antigen specific antibody forming cells and germinal centre formation in the draining
lymph node. The DTH response was evaluated by measuring the increase in ear
thickness (cellular response} after i vivo ami-CD40 ligand antibody treatment. The
data show that the frequency of antigen specific antibody forming cells and the
percentage of secondary follicles (germinal centres) are markedly decreased after
injection of anti-CD40 ligand antibody. The administration of anti-CD40 ligand
antibody did not influence the DTH response.

The results demonstrate that a cognate CD40 ligand-CD40 interaction is essential in
the regulation of the humoral response after skin exposure to a contact allergen.
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However, our data do not support a role for CD40 ligand-CD40 interaction in ¢ontact
hypersensitivity. Therefore, this model shows that anti-CD40 ligand antibody {reatment
given systemically or topically might be used for therapy in skin diseases which are
dependent on antibody formation such as pemphigus and subacute cutaneous upus
erythematosus,

INTRODUCTION

CD40  ligand-CD40 interactions are involved in different types of cellular

communication, They are {nvolved in immune response induction, memory formation
and development of autoimmunity [1]. In this study we investigated the role of CD40
ligand-CD40 interaction in a local humoral immune response and contact
hypersensitivity induced by skin exposure to a contact allergen.
CDA40 surface antigen is expressed on B-cells [2, 3] and human professional antigen
presenting cells such as cultured Langerhans cells (veiled cells) and other dendritic
cells f4-12]. The human and murine forms of the CD40 ligand (gp39) were recently
cloned and demonstrated to be type I integral membrane proteins expressed
primarily on activated CD4* T-cells [13, 14]. It is the cognate CD40 ligand-CD40
interaction that plays a crucial role in humoral immune responses: proliferation,
immunogiobulin production, isotype switching and memory formation [I]. Patients
suffering from hyper-IgM syndrome are unable to produce antibody isofypes other
than IgM. 1t has been shown that this results from mutations in the gene encoding
CD40 ligand leading 1o expression of defective CD40 ligand [15-18}. In mice, in vivo
administration of antibody to CD40 ligand blocked the occurrence of chronic graft
versus host disease [19], experimental allergic encephalomyelitis (K. Gerritse, paper
submitted for publication), collagen induced arthritis [20] and thymus dependent
humaral immunity after intravenous immunization with TNP-KLH [21],

In many dermatological diseases the involvement of antibodies is established [22]. In
pemphigus and subacute cutaneous lupus erythematosus (SCLE) autoantibodics
appear to mediate the skin disease. Pemphigus may be considered an intraepidermal
blistering disease group characterized by autoantibodies reactive with antigens located
in the intercellular spaces or on the surface of epidermal cells. SCLE is characterized
by large annular erythema gyratum or erythamosquamous psoriasiform lesions,
disseminated on both sides of upper trunk, face, and arms and by marked
photosensitivity, The involvement of antibodies in pemphigus and SCLE opens up the
possibility that hlocking of CD40 ligand-CD40 interaction may inhibit local antibody
production resulting in suppression of the clinical symptoms,
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Analogous to humoral iimmmune responses induced by autoantigens as in pemphigus
and SCLE, and intravenously administered antigens [21], some contact allergens may
also induce antigen specific antibody forming cells in the draining lymph nede [23].
Therefore, mice exposed to contact allergens can be used as models for antibody
mediated skin diseases caused by antigen coming from or through the skin. Besides a
local humoral immune response contact hypersensitivity may also be induced after
skin exposure to a contact allergen. Contact hypersensitivity is categorized as a DTH
response, The response can be subdivided in an afferent (induction or sensitization
phase) and an efferent (elicitation or challenge phase) limb, The afferent limb
includes the events following allergen presentation to the immunologically naive
system and is complete when the subject is sensitized und capable of giving a positive
challenge reaction. The main events which occur in the afferent phase after skin
penefration of the sinall antigens are (1) the binding of contact allergens to skin
constituents notably major histocompatibility complex (MHC) class 11 molecules
present on the Langerhans cell as antigen presenting cell or binding of the contact
allergen to a skin protein which in turn is taken up by Langerhuns cells, processed and
presented in the context of MHC-Class 11 molecules, (2} migration of the antigen-
carrying Langerhans veiled cells via the afferent lymphatics to the regional lymph
nodes where they settle in the paracortical areas, (3) recognilion of the antigen
presented on MHC-class 1 molecules by the T-cell receptor and (4) proliferation and
subsequent dissemination of specific (memory) T-cells throughout the body. In the
efferent phase, which follows a second epicutaneous exposure, activation and recruit-
ment of the recirculating antigen specific immune effector T-cells will initiate a
locatized inflammatory response at the challenge site. Since specifically activated T-
cells and Langerhans cells are able to express CD40 ligand and CD40 respectively, we
investigated whether CD40 lipand-CD40 interaction would be functional in contact
hypersensitivity in mice.

MATERIALS AND METHODS

Experimental design

To study the role of CD40 ligand-CD40 interaction the expression of CD40 and
CD40 tigand was investigated in normal skin and contact hypersensitivity in man by
using immunochistochemical staining experiments. Furthermore, the kinetics of CD40
and CD40 ligand paositive cells during a contact hypersensitivity response in mice was
analysed by using immunohistochemical staining, To demonstrate the microscopical
development of skin inflammation, we analysed the involvement of mononuclear cells
{MNC), CD4 positive cells, and IL-2, 1L-4 and IFN-y cytokine producing cells by using
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immunohistachemistry, BALB/c¢ mice were sensitized to 1% DNCB in an aceton/olive
oil vehicle (4:1 v/v) on day 0 to the shaved abdominal skin (200 ul) and 25 ul on each
hind footpad. Five days later, the mice were challenged by applying 25 ul of 1%
DNCB to each ear. Mice were anesthetized and killed at various time intervals after
challenge: at day 0, 1, 2, 3,4, 5, 7, 9 and 2.

For the in vivo modulation experiments the optimal condition to assess the effect of
anti-CD40 ligand antibody treatment on the humoral and cellular (DTH) immune
response were established. Auricular lymph nodes were removed at various time
intervals after challenge (al day 0, 4, §, 6, 7 and 10), and immediatly frozen in liguid
nitrogen and stored at -70°C. Mouse DNP-specific IgM and IgG antibody forming
cells {AFC) were determined in the draining auricular lymph nodes by immunohisto-
chemistry using a TNP-enzyme conjugate (TNP-DNP crossreaction). To study the
kinetics of IgM and IgG production after challenge (at day 0, 4, 5, 6, 7 and 10} total
mouse serum IgM, IgG and serum DNP-specific IgM and IgG antibody titers were
measured by ELISA [21, 24]. Total serum and DNP-specific [gG antibody titers were
related to that of total serum and DNP-specific IgG antibody titers after TNP-KLH
immunization day 14, Total serum and DNP-specific IgM antibody titers were related
to that of total serum and DNP-specific IgM antibody titers after TNP-Ficoll immuni-
zation day 5. The ear swelling responses were evaluated 0-5 days after challenge. The
in vivo modulation experiments using the optimal condilions were performed as
outlined in 2.7 in vivo modulation,

Skin testing and biopsies

Volunteers took part in the study after giving informed consent. The epicutaneous
patch test was performed on the back with test substances in concentrations routinely
used in diagnostic procedures. Finn chambers (10 mm) (Epitest-Lid. Oy, Payala,
Finland) were used for occlusion and fixed on the skin of the back of participants for
48 hours. Two 4mm punch skin biopsies were oblained; one from normal skin and one
from the contact hypersensitivity reaction site at 72 hours after application. Biopsy
specimens were immediately frozen in liquid nitrogen and stored at -7¢°C. According
to the established international criteria [25} the reactions were classified as
moderately altergic (++) at the final reading (72 hours),

Animals
BALB/c mice were purchased from Charles River Wiga, Sulzfeld, Germany and
were used at 9 to 12 weeks of age,
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Chemicals

DNCB, alkaline phosphatase (AP; P-6774, type VII-T, 1020 U/mg protein), fast
blue BB Base (F-0125), levamisole, naphthol AS MX phosphate (3-hydroxy-2-naphtoic
acid 2,4-dimethyl-anilide), horseradish peroxidase (HRP), and 3-amino-Y-ethylcarba-
zole (A-5754} were obtained from Sigma (St. Louis, MQO).

Reagents

Ascites from the cell line MR1, a hamster mAb directed to mouse CD40 ligand
{26], was purified by means of a protein-A column, Control polyclonal hamster
antibody was purchased from Serva (Feinbiochemica, Helidelberg, Germany). For
immunohistochemistry we used the murine mAb SDI12F10 (PanGenetics, Heemskerk,
The Netherlands) directed to human CD40. The rat mAb MCA-1143 directed to
mouse CD40 was purchased from Instruchemie (Hilversum, The Netherlands). A
soluble fusion protein composed of the extracetlular domain of human CD40
genetically fused with the Fc domain of human [gG, (CD40-Ig) to detect human CD40
ligand positive cells was a gift of Dr. R. J. Noslle [26]. The murine mAb DB-1, 84B6
and 11B11 were used to detect murine IFN-y, IL-2 and TL-4 respectively [27]. CD40-
Ig, the mAb MR-1, DB-1, S4B6 and 11B11 were used after biotin conjugation as
previously described [28). The rat mAb L3T4 (CD4){clone GK-1.5)[29} was used as T-
cell marker. The mouse mAb against the endothelial leukocyte adhesion molecule-1
(ELAM-1) (13P) was a kind gift from Dr. J. Y. Bonnefoy {Glaxo Institute for
molecular Biology, Geneva, Switzerland). For the detection of human and mouse
CD40 we used a three step detection method to amplify the signal [30]. In that case
the secondary conjugates biotinylated horse anti-mouse from Vector Laboratories
(Burlingame, CA) and biotinylated gout anti-rat (Becton Dickinson) were used.
Rabbit-HRP anti-rat g, rabbit-HRP anti-mouse lg (Dakopatts, Copenhagen,
Denmark) and streptavidin-HRP or AP (Life Technologies, Gaithersburg, MD) were
used as second step or third step reagents. TNP-HRP was prepared according to the
previously described methods [31, 32].

Evaluation of ear swelling

Ear thickness was measured before chaflenge and at 1, 2, 3, 4, and 5 days post-
challenge, using a micrometer (Helios, Heinrich Béker). The results are expressed as
the mean percentage increase in ear thickness relative to pre-challenge values at 1, 2,
3, 4 and 5 days after challenge.

Ini vivo modulation
To study the effect of anti-CD40 ligand antibody treatment we used two different
approaches. First we investigated the effect of anti-CD40 ligand antibody treatment
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before sensibilization and second, we investigated the effect of anti-CD40 ligand
antibody treatment after sensibilization (before challenge). Mice were divided into
four groups of five mice per group. The first group received anti-CD40 ligand
antibodies, the second control hamster antibodies, the third group PBS and the fourth
group represeiited the specificity control. For the first approach, mice received an i.p.
injection of 250 pg of purified anti-CD40 ligand mAb or 250 pg purified hamster Ig or
PBS at day -1, 1, and 4, For the second approach, mice received an ip. injection of
250 pg of purified anti-CD40 ligand mAb (MR1) or 250 pg purified hamster Ig or
PBS at day 5, 4 hours prior to challenge. On day 0 mice were sensitized and at day 5
the sensitized mice were challenged (as described under experimental design). All
injections were administered in a total volume of 200 pu! pyrogen-free, azide-free PBS.,
Unsensitized mice, exposed only to aceton/olive oil at the time of sensitization, and
later challenged with 19 DNCB, were considered as specificity controls,

To study the effect of treatment on the humoral immune response the auricular
lymph nodes were removed at day 5 after challenge. Mouse DNP-specific TgM and
IgG AFC were determined in the draining auricutar lymph nodes by immunochisto-
chemistry. Furthermore, the frequencies of primary and secondary follicles were
determined after hematoxilin staining. To study the effect of treatment on the DTH
response the ear thickness was measured before challenge and 4 days after challenge,

Immunohistochemistry

Cryostat sections (-20°C, § um) of human skin (2 sections at different heights),
mouse skin (two sections from either the left or the right ear at different heights) and
mouse auricular lymph nodes (five sections from either the left or righ lymph node at
different heights), were picked up on glass slides and kept overnight under high
humidity at room temperature, Slides were air dried and stored in air-tight boxes at
RT until use. Cryostat sections were fixed for 10 min in aceton (p.a.). Slides were
incubated horizontally overnight at 4°C with reagents (SD12F10, MCA-1143, L3T4,
13P or TNP-HRP and the biotinylated reagents CD40-Ig, MR 1, DB-1, S4B6, 11B11),
All reagents were diluted in PBS containing 0.1% BSA and titrated to obtain optimal
results. Subsequently slides were washed with PBS (three times for 5 min) and
incubated for 60 min at room temperature with secondary reagents diluted optimally
in PBS containing 1% BSA and 1% normal human (human tissue) or mouse (nouse
tissue) serum. After incubation with the secondary biotinylated antibodies streptavidin-
HRP/AP was used. Simultaneous staining for human CD40 ligand with the
endothelial marker ELAM-1 was performed. Skin sections were first incubated with
anti-ELAM-1 and biotinylated CD40-Ig, followed by streptavidin-AP and rabbit-HRP
anti-mouse Ig, The histochemical revetation of AP and HRP was performed according
to Claassen and Adler [33}. For double staining the immunohistochemical revelation
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of AP was performed prior to HRP. Sections were rinsed with PBS, counterstained
with hematoxylin and mounted in glycerin-getatine [30]. Control staining sections with
an isotype-matched control antibody and with omission of the primary antibody were
included in each staining experiment. In these controls no staining was seen,

Quantification and statistical evaluation

Frequencies of CD40 ligand, CD40, CD4 positive cells, cytokine producing cells and
MNC were determined in two sections from either the left and right ear from three
mice at one (ime-point after challenge by using an eyepiece graticule. At least three
fields, which together represent approximately the whole area in which infiltration was
seen, were analysed in one ear section, Frequencies were expressed as the mean
+SEM per mm’ dermis, For the analysis of the humoral response cryostat sections
were made of the entire left and right auricular lymph nodes from five mice per
group. The frequencies of DNP-AFC in the auricular lymph node were expressed in
numbers of cells per mm® based on at least 5 sections at different heights. The
frequencies of primary and secondary follicles were expressed in numbers of follicles
per mn¥’ based on al least 5 sections at different heights, The results obtained were
analysed by the two-sample Student’s ¢-test for comparison of two empirical means in
a normally distributed population,

RESULTS

CD40 expression in norinal human and mouse skin

We investigated whether CD40 was expressed on dendritic cells or resting
Langerhans cells in normal human and mouse skin by using immunohistochemical
staining melhods. CD40 positive cells characterized by red membrane staining were
found in human tonsil and mouse spleen. However, CD40 positive cells were not
observed in normal human and mouse skin (Fig. 1).

CD40 and CD40 ligand positive cells in ¢contact hypersensitivity in mian and mice

To study the expression and kinetics of CD40 positive cells we investigated the
expressionr of CD40 and CD40 ligand in situ during a DTH response. In the contact
hypersensitivity reaction in man obtained 72 hours after skin exposure to the contact
allergen, there was an increase in numbers of MNC us well as CD4 positive cells as
compared to normal human skin, As shown in Fig. 1 CD40 ligand positive cells were
found in clusters around the blood vessels (ELAM-I positive), and CD40 positive cells
were found in the dermis in contact hypersensitivity in man 72 hours after skin
exposure to the contact allergen, In the dermis in mouse skin relatively high
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frequencies of MNC (883/mm?) and CD4 positive cells (110/mm’) were reached at
day 4 after chaflenge corresponding to an ear thickness increase of 60-70% (data not
shown), The maximum frequencies of C240 Hgand (Fig. 1), CD40 positive cells and
IL-2, 1L-4 (Fig. 1) and IFN-y cytokine producing cells per mm® dermis were observed
at the same time as the maximum frequencies of MNC, CD4 positive cells (Fig. 1)
and ear swelling response. The kinetics of appearance of CD40 ligand, CD40, cytokine
producing cells, CD4 positive and MNC after challenge are shown in Table 1,
Interestingly, in the epidermis some CDA40 positive cells with a dendritic morphology
were detected 2-3 days after challenge (Fig. 1).

Table 1. Kinetics of appearance of CD40 ligand, CD40 positive cells and cytokine
producing cells in the dermis after exposure to the skin with the contact allergen
DNCB ¥

Duys after challenge

Marker 0 1 2 3 ] 5 7 9 12
CDdD 0 0 0 19+12 5919 8+3 0 0 0

ligand

CD40 0 0 222 1814 2213 [ 0 0 0

IL-2 [ 0 9x5 208 27+ 14 32x18 0 0 0

1L-4 4 0 57+15 16+6 d8x 16 106 [\ 0 ]

TFN-y 0 0 327+ 21533 315193 27x80 26769 128x61 0

Ch4 0 1+1 7+4 347 110£24 26410 4019 2019 0

MNC E8+20 41797 503+83  S28+117 883+ 106 44877 437472 140xF5  148%12

a) Groups of three mice were sensiliced with 1% DNCB on day 0 and challenged with 1% DNCB on day 3.
Different groups of mice were sacrificed at the indicated days after challenge, Two cryostat seclions were prepared
from the right and left ears and immunohistochemical demonstration of CD40 ligand, CIX40, IL-2, IL-4, {FN-y and
€CD4 positive cells was performed. Frequencies of cells with evident cxpression and the total frequencies of
mononuclear cells infiltrating the dermis were determined in at least three fields por section from cach ear by using
an eyepicee graticule. Frequencies were expressed as the mean + SEM per mm? in the dermal part of the skin of

cach group.
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In vive anti-CD40 ligand antibody administration inhibits the specific antibody
(humoral) response to DNCB

We observed CD40 and CD40 ligand positive cells in contact hypersensitivity in
mice after skin exposure to DNCB. In order to investigate whether the CD40 ligand-
CD40 interactions were essential for the antibody response caused by skin exposure to
DNCB the optimal conditions with regard to time after challenge to assess the effect
of anti-CD40 ligand antibody treatment were established. Mice were sensitized and
challenged with 1% DNCB and the kinetics of DNP-AFC were studied, As shown in
Fig. 2, challenge with DNCB resulted in an increase of the number DNP-AFC in
lymph node sections of mice 5 days after application, As could be expected after skin
exposure the serum IgG and IgM antibody titers were fow and the DNP-specific IgM
and IgG antibody titers were extremely low as compared to serum antibody titers after
TNP-KLH or TNP-Ficoll immunization (data not shown). Hardly any difference in
total and DNP-specific antibody production between two time-points after challenge
was observed,

> >Figure 1. Immunohistochemical visualization of positive cells in normal skin and contact
Rhypersensitivity in human or mice. Crostat sections of fusnan and murine skin tissue were
fucubated with specific  inmuno-conjugates, followed by immumohistochemical  revelition.
Conjugates and subsirates used are indicated between the square brackets. a) 3 days after allergen
application on human sking red stained cells are CD40 positive cells localized in the Infiltrates in
the dermis {SDI2F10 + biotinylated horse-anti-mouse + sireplavidin-HRP; AEC]. b) Higher
maghification of (a). ¢} nonnal human skin bicubated as in (a) showing no positive cells. d) 3
days after allergen application on human skin; blue stained cells are CD40 ligand positive cells
localized in the infilerates aronnd or within the endotelivm [biotinylated -CD40Ig + streptavidin-
AP; Fast blue]; red stained cells are ELAM-1 positive endothelial cells [biotinylated-13P +
streptavidin HRP; AEC]. e} Higher magnification of (d). f) 2 days after DNCB challenge on
murine sking red stained cells are CD40 positive cells localized In the epidermis [MCA-1143 +
biotinylated-goat-anti-rat + streptavidin-HRP; AEC]. g) Higher magnification of (f). h) nonnal
murine skin incubated as in (f) showing no positive cells. i) 4 days after DNCB challenge on
murine sking red stained cells are CD40 ligand positive cells localized in the infiltrates in the
dennis [biotinylated MR-1 + streptavidin-HRP; AEC]. j) Higher magnification of (i). k} normal
murine skin without positive cells Incubated as (1), 1) 4 days after DNCB challenge on mutrine
skin; red stained cells are CD4 positive cells localized in the infiltrates in the dennis [L3TH +
Rabbit-HRP anti-wouse; AEC]. m) normal murine skin witheut positive cells incubated as (1),
n) 4 days after DNCB challenge on murine sking red stained cells are IL-4 positive cells localized
in the denmis [bivtinylated-11B11 + streptavidin-HRP; AEC]. o} 5 days after DNCB challenge
on murine skin; red stained cells are DNP-AFC localized along medullary cords in the auricular
lmph node [TNP-HRP; AEC]. p} Higher magnification of (o). (a,c,hikinn} x100, (df) x200,
(b0} x400 and (e,g.j,p) x1000.
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DNP—AFC / sg. mm
N

O 4 5 &) 7 10
Days after challenge

Figure 2. Kinetics of uppearance of DNP-AFC in draining hinph node after application of DNCB
on the mouse skin. BALB/c mice were sensitized (at day ) and challenged (at day 5) with 1%
DNCB and sacrificed at the indicated time-points after challenge. Auricular Iymph nodes were
removed and hnmunolistochemical viswalization aid quantification using image analysis was
perfonned as described in the materials and methods section, Values represent the mean + SEM
of number of positive cells per mmn.

To study the effect of anti-CD40 ligand antibody treatment, quantification of DNP-
AFC per lymph node {(mm?®) was performed at S days after challenge in the anti-CD40
ligand antibody treated group and compared to the control hamster antibody and PBS
treated groups. Both anti-CD40 ligand antibody treatment before sensibilization in the
first experiment (data not shown} or after sensibilization in the second experiment
(Fig. 3) completely prevented the development of DNP-AFC after skin exposure to
DNCB. Anti-CD40 ligand antibody treatment is also reflected in germinal centre
formation. Quantification of primary and secondary follicles per lymph node (mm?)
was performed at 5 days after chatlenge in the anti-CD46 ligand antibody treated
group and compared to the control hamster antibody and PBS treated groups (Fig, 4).
CD40 ligand antibody treatment before sensibilization suppressed the germinal centre
formation after skin exposure to DNCB. This means that CD40 ligand antibody



CD40 ligand-CD40 interaction 101

treatment given before sensibilization blocks the transformation of primary follicles to
secondary follicles, In the CD40 ligand antibody treated group 14% secondary
follicles over total numbers of primary and secondary follicles per lymph node (mm?)
were observed. In the control antibody and PBS treated groups of mice 61% and 58%
secondary follicles over total numbers of follicles were ohserved respectively. The total
numbers of primary and secondary follicles per lymph node (mm?) were in the same
range in the three different groups of mice. In conclusion, anti-CD40 ligand antibody
treatment had an effect on the hwmoral immune response after DNCB sensibilization
and challenge by skin exposure indicating that the anti-CD40 ligand antibody
treatment is effective,

DNP—-AFC / sa. mm
N

-i -
#
] =
O
Anti—CD40lig. Hamster—Ig PBS Not sens,

Figure 3. DNP-AFC response suppression in the auricular lymph node after treatment with antfi-
CDA40 ligand mAb. BALB/c mice were sensitized with 19 DNCB on day 0, and infected with
250 pg anti-CDAQ ligand mAb, control hamster antibodies or PBS on day 5, 4 hours prior to
challenge with 1% DNCB. Mice, not sensitized on day 0 but challenged on day 5 with 1%
DNCB, were included as specificity controfs. Mice were kifled 10 days after sensibilization and
auricular fymplt nodes were removed, Immunohistochemical visualization and quantification
using image analysis was performed as described in the materials and methods section. Values
represent the mean * SEM of number of positive cells per nin®. A significant decrease of DNP-
AFC per mm® was found after anti-CD40 ligand aniibody treatinent as compared to control
hamster antibody treatment (p<0.001),
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Figure 4. Impaired germinal centre formation in the anricular lymiph node after treatinent with
anti-CD40 ligand mAb before sensibilization. BALB/c mice were injected with 250 ug anti-CD40
ligand mAb, coniral hanster autibodies or PBS on days -1, 1, and 4. Mice were sensitized with
1% DNCB on day 0 and challenged with 1% DNCB on duay 5. Mice were killed 10 days after
sensibilization and auricular lymph nodes were removed. Hematoxilin staining and quantification
using image analysis was performed as described in the materials and methods section. Values
represent the mean + SEM of mumber of follicles per mn. 14% secondary follicles over total
follicles per mnr® was found after anti-CDA0 ligand antibody treatment as compared to 61% and
58% secondary follicles over total follicles after controf hamster antibody and PBS freatment
respeciively. PF, primary follicles; SF, secondary follicles.

In vivo anti-CD40 ligand antibody treatment does net have an effect on DTH

As CD40 and CD40 ligand are present on Langerhans (veiled) cells and activated
T-cells respectively, we asked whether a DTH response could be influenced by anti-
CDA40 ligand antibody treatment. In order to investigate whether the CD40 ligand-
CD40 interactions were essential for the DTH response caused by skin exposure to
DNCB the optimal condition to establish the effect of anti-CD40 ligand antibody
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treatment was established, Evaluation of ear swelling revealed that the highest specific
increase in ear thickness was seen at day 4 after DNCB challenge (Fig. 5), The
moderate increase in the control group can be explained by the irritant effect of
aceton/olive oil. Subsequently, groups of mice were treated with anti-CD40 ligand
antibody or control hamster antibody or PBS either before sensibilization in the first
experiment or after sensibilization (before challenge) in the second experiment., The
mean increase in ear thickness was calculated at 4 days after challenge in the treated
groups, The ear swelling responses after anti-CD40 ligand antibody treatment in both
experiments (Fig. 6a and b) were nol affected. The control group represents the mean
increase in ear thickness responses after challenge without sensibilization, confirming
that the responses in the other groups were DNCB specific.

% 100 2 — % —
0 0
5
£ 807 —4- 1%
S  60r .
*
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0 40 L T
[y - 3
5 oot L
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£ / \ )
O 1 1 1.
N 0 1 ’ 3 4 5

Days after challenge

Figure 5. Kinetics in ear swelling during a contact hypersensitivity reaction. BALB/c mice were
sensibilized with 1% DNCB on day O and challenged with 1% DNCEB on duay 5. Increase in ear
thickness in challenged mice (hroken line) and in unsensitized mice (solid line) was detertnined 0
to 5 days after challenge. Data represent the mean £ SEM of percentage increase in ear thickness
of three mice (6 earsy at each time point. A significant difference was found hetween ear swelling
in challenged mice as compared to ear swelling in non-sensitized mice (p<0.02).
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Figure 6. No influence on ear swelling by treatment with anti-CD40 ligand antibodies either
before (a) or after sensibifization (b). (@) BALB/c mice were infected with 250 pg anti-CD40
Hgand mAb, control hamster antibodies ar PBS on days -1, 1, and 4. Mice were sensitized with
19 DNCB on day 0 and challenged with 1% DNCB on day 5. (b) BALB/c mice were sensitized
with 19 DNCB on day 0, and injected with 250 pg anti-CD4} ligand mAb, control hamsier
antibodies or PBS on day 5, 4 hours prior to challenge with 1% DNCB, (a+b) Mice, not
sensttized oit day 0 but challenged on day 5 with 1% DNCB, were included as specificity controls
in experiment a and b. Ear swelling was measured and evaluated as described in the materials

and methods section, Valies represent the imcans + SD of percentages increase in ear thickness.
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DISCUSSION

The present study demonstrates that cells involved in contact hypersensitivity in
human and mice do express CD48 and CD40 ligand. In normal resting human and
mouse skin dendritic cells expressing CD40 were not observed. fa wvivo blocking
experiments in mice showed that CD40 ligand-CD40 interactions were essential for
the specific DNP antibady {(humoral) response. In contrast, no influence on ear
swelling (DTH) was found, indicating that CD46 lgand-CD40 interactions are not
required for DTH in this systen.

The presence of CD40 positive cells in contact hypersensitivity in man and in mice
has not been described before, However, data are available that following cultare,
Eangerhans cells express CD40 at high levels. Dendritic cells can be generated in vitro
by culturing CD34' hematopoietic progenitor cells in the presence of GMCSF/IL-3
and TNF-o [11]. These cells, which resemble Langerhans cells as they express CDla
and display Birbeck granules, express CD40 at high levels and may thus represent cells
at a stage of differentiation between Langerhans cells and interdigitating dendritic
cells, In fact, high levels of CD40 on interdigitating dendritic cells in the T-cell-rich
areas of secondary lymphoid organs were described {34, 35]. Furthermore, dendritic
cells isolated from peripheral blood express CD40 [36]. These observations together
with the upregulation of CD40 in conlact hypersensitivity suggest that CD40
expression will be enhanced after antigen application or immunization. Probably, the
CD40 molecule present on cells derived from skin/mucosal Langerhans cells, which
only weakly express CI240 [37] and therefore difficult to detect in normal tissue using
immunohistochemistry, become functional during presentation of antigen in the
secondary lymph node. During the DTH reaction we could detect some CD40 ligand
positive cells around blood venules in mouse skin, indicating that CD40 iigand
expression is less important in the skin during a DTH reaction. This was confirmed
with the observation of some CD40 ligand positive cells in contact hypersensitivity in
the human skin biopsies. During migration of T-cells from the draining lymph node
the amount of CD40 ligand molecules may be reduced. Van den Eertwegh et al. [21]
showed abundant expression of CD40 ligand in the spleen and the draining lymph
node after TNP-KLH immunization, indicating that CD40 ligand has an important
role in these compartments.

Significant numbers of DNP-AFC were found in the draining lymph node, whereas
serum DNP-specific IgM and 1gG could not be detecied after skin exposure to a
contact allergen. This indicates that the humoral immune response was primarily
localized in the auricular lymph node. Anti-CI340 ligand antibody treatment resulted
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in lower frequencies of DNP-AFC in the lymph node as compared to controf treat-
ment and has an effect on the formation of DNP-AFC after treatment before
sensibilization and after sensibilization, This finding suggests that the humoral immune
response caused by skin exposure to a contact allergen and antigen presentation in the
draining lymph node could be inhibited by blocking CD40 ligand-CD40 interaction.
This is in concordance with the situation for systemically administered antigens [21].
Recently, Durie et al. [1} discussed the co-stimulatory role of the CD40 ligand-CD40
interaction between B and T-cells and suggested that molecules which optimalize
signaling via T-cell receptor (antigén-specific MHC-restricted interaction) regulate
CD40 ligand expression. This results in the expression of the co-stimulatory molecules
B7 on the B-cell, B-cell activation and subsequently antibody production, Therefore, it
Is clear that the effect of anti-CD40 ligand antibody treatment on co-stimulation
between B and T-cells found in this study caused inhibition of antibody production.
The decrease in the percentage of secondary follicles over total primary and secondary
follicles after anti-CD40 ligand antibody treatment before sensibilization demonstrates
the important role of CD40 ligand-CD40 interaction for germinal centre formation in
the draining lymph node as was described by Foy et al, [38] for the spleen,

Anti-CD40 ligand antibody treatment before sensibilization did not affect ear
swelling, This suggests that CD40 ligand-CD40 interaction between Langerhans cells
and T-cells in the draining lymph node is not essential for the presentation of antigen
to T-cells and subsequent sensibilization. The observation that we were not able to
block the DTH response with anti-CD40 ligand antibody treatment after sensibilizati-
on suggests that CD40 ligand-CD40 interaction and the presence of CD40 ligand-
molecules on activated T-cells are not important in that phase of the antigen specific
cellular response. The reason for the lack of effect on the development of a DTH
response in the skin could be the induction of the co-stimulatory molecules B7 on
CD40-bearing antigen presenting cells {rrespective of the expression of CD40 ligand,
Probably, B7-CD28 interactions occur before the up-regulation of CD40 on Langer-
hans cells and CD40 ligand on T-cells [39]. Another reason for the absence of an
effect of anti-CD40 ligand treatment on ear swelling could be the possibility that
specific CD40 ligand positive cells in the skin escaped from antibody treatment given
ip or the amount of antibody given is not high enough. However, Scheynius et al, {40]
did find a reduction of contact hypersensitivity reactions in mice treated with mAb to
lenkocyte function-associated molecule-f (LFA-1) and intercellular adhesion molecu-
le-1 (ICAM-1) after i,p. injection of the mAb in similar concentrations, Furthermore,
the inhibition of the humoral immune response in the same mice strongly argues
against this possibility, Alternatively, or in addition, the absence of an effect of anti-
CD40 ligand treatment on ear swelling could be due to the presence of a major
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fraction of antigen non-specific CD40 ligand negative T-cells or MNC in the
inflammatory site. The presence of a high frequency of IFN-y producing cells and a
relatively low frequency of CD4 and CD40 ligand positive cells observed in this study
indicates that another cell population is involved.

In many mouse disease models clinical disease symptoms could be reduced with
anti-CD4{ ligand antibody treatment given systemically [19, 20]. This study shows the
effects of anti-CD40 ligand antibody treatment on a humoral immune response and
not on a cellular immune response caused by skin exposure to a contact allergen, The
present data reveal the possibility to treat patients suffering from antibody-mediated
skin diseases. In addition to treatment given systemically, it will be of interest in the
future to determine the effects of topical application of e.g. liposomes containing anti-
CD40 ligand antibody on antibody production in the draining lymph node and
localized clinical symptoms.,
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Migration of human antigen-presenting cells in a human skin graft onto nude
mice madel after contact sensitization

5, HOEFAKKER,*t H, P, BALK,* W. J. A. BOERSMA,* T. YAN JOGST,T W. R. F. NOTTENt
& E. CLAASSEN*§ *Depariment of Immunelogical and Infectious Diseases, TNO Prevention and Health, Leiden,

tInstitute of Occupational Health and Toxicology, 1 Department of Dermato-Venereology and §Department of Tmimology,

Erasmus University, Rotterdam, the Netherlands

SUMMARY

Fluorescent contact chemical allergens provoke sensitization after application on both syngeneie
and allogencic skin grafts in mice. We attempted to determine whether the functional activity in a
contact sensilization response of human skin praft was affected at the level of antigen uptake and
migrationAfter xenogeneic skin transplantation, we examined the effect of topical exposure of the
graft to rhodamine B isothiocyanate {RITC). This paper describes the migration of RITC-carrying
celts and human major histecompatibility complex (MHC) elass IE DR (HLA-DR)™ cells, from the
graft 1o meuse draining lymph nodes. As demonstrated by immunchistochemistry, grafting
resulied in a time-dependent decrease of human HLA-DR™ and CDla” cells, and an increase of
mouse MHC class 11 {Ta)* cells within the graft, Application of RITC on a 3-week-old human skin
graft showed optima! migration capability compared Lo 6+ or 3-week-old grafts, In additien, the
time-dependent {ncrease of frequencies of RITCY and HLA-DR™ cells in the draining lymph
nodes, and the time-dependent decrease of HLA-DR™ cells in the 3-week-old human skin graf?,
were concurrent, Supporting these date, human eytokines interlenkin- 1 {IL-1&), IL-1ff and tumour
necrosis factor- (TNF-¢), analysed in sitw, revealed that cytokine production by keratinocytes, a
property associzted with dendritic cell migration, was preserved in the human skin graft. Thus, like
dendritic cells in contact sensitization in zllografted skin, dendritic cells from human xencgrafted
skin onto nude mice are capable of migration to mouse draining tymph nodes after allergen
application. induction of contact hypersensitivity is possible in a human skin graft onto nude mice
model, although the use of this ex vivo medel to analyze contact sensitivity is probably limited to 3

weeks after transplantation.

INTRODUCTION

In mice, both cutaneous dermat as well as epidermal antipen-
presenting cells {APC) play an important role in the induction
phase of contact sensitization. Langerhans' cells from the
epidermis are considered to be the most important cells in
contact sensitization,! Recently, it has been demonstrated that
Langerhans® cells are not indispensable.” Contact hypersensi-
livity could be induced in tape-stripped skin devoid of
Langerhans' cells, whereas surgical exclsion of hapten-painted
skin within [ hr of hapten-application prevented the develop-
ment of contact hypersensitivity in mice. It was concluded that

Received 24 February 1995, revised 4 May 1995; accepted 4 May
1995,

Abbreviations: AP, atkaline phosphatase; APC, antigen-presenting
cell; FITC, fluorescein isothiooyznate; HRP, horseradish peroxidase,
Hu, human; RITC, rhodamine B isothiocyanate,

Cormrespordence: Pralessor E. Claassen, TNG-PG, PO Box 2215,
2301 CE, Leiden, the Nethecfands.

© 1995 Blackwell Sclence Ltd

cither Langerhans’ cells or dendritic dermai cells are sufficient
for antigen presentation in the induction of contact hypersen-
sitivity, This conclusion was supported by demonstrating that
Ia” cells haptenated in vitre could elicit contact hypersensitiv-
ity after intradermal injection in vivo.® Except for the lack of
Birbeck granules and expression of lower levels of CIHa, the
mouse epidermal and dermal dendrite cells are equivalent to
epidermis-derived dendritic cells in humans,” In addition, there
is evidence that human HLA-DR™ dendritic cells in the
perivascular space of the dermis express patent APC activity.®
To provide evidence for the role of cutaneous APC in murine
contact sensitivity a number of investigators has shown that,
following topical exposure of mice to sensitizing fizorescent
chemicals, cells carrying the antigen rapidly accumulate in
lymph nedes draining the site of application ®® These cells,
with dendrilic appearance, were able to support lymphocyte
stimulation in vitro and rendered recipient mice sensitive after
transfer. Using a combination of allogeneic skin transplanta-
tion with Auorescein isothiocyanate (FITC) contact sensitivity,
Kripke et al? demonstrated that APC isolated from lymph
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nodes draining the site of FITC sensitization from CIH mouse
skin-grafted BALBfc nude mice rendered C3H recipients
seasitive to FITC. This sugpests that, after epicutaneous
sensitization of allografted skin, APC could leave the skin
graft and migrate to the draining lymph nodes in nude mice.

Unlike the functional description of normal allografted skin
cnto nude mice in contact sensitivity, the functional description
of xenografted skin, human skin onto nude mice, in contact
sensitization has not been established, Until now, the behaviour
of host and donor celis in human split-thickness skin grafts
onte nude mice has been studied using immunohistochemical
metheds. [n such a model the epidermis of the human graft is
not replaced by mouse keratinocytes'® or mouse Langerhans®
cells.!" Revascularization of the grafts with mouse microcircu-
latory bed and mouse endothelial cells, together with migration
of mouse fibreblasts into the praft dermis within a few days
afler transplantation, has been observed,'’ The presence of
murine (host) Langerhans’ cells infiltrating the human-grafted
skin onto nude mice was observed from 5 moenths after
grafting."?

Recent studies of human contact dermatitis have led to the
conclusion that the proinflamsmatory cytokines (interlenkin- lx)
(IL-1e), IL-18 and tumour necrosis factor-w (TNF-a) are
major factors in primary as well as in recurrent immune
responses.'”™ " During the primary immune response thess
initfating cytokines seem to support the capability of APC
localized in human skin 1o migrate after stimulation, whereas
during a recurrent immune response [L-lea, [L-18 and TNF-«
induce the production of more and difierent cytokines that have
chemotactic and leucocyle-activating properties as well as
direct effects on the expression of cell adhesion molecules on
endothelial cells.'&1? Xenogeneic skin grafting, transplantation
of, for example, human skir on nude or SCID mice, will allow
individual ex vivo analysis of sensitivily to a given allergen or
immunotoxin without risking sensitization by exposure of the
individual (skin donor). In order {o establish and validate the
human skin graft onto nude mice model, a functional
description of human skin grafied onto nude mice is presented
in this paper. The human skin grafts were painted with the
contact allergen rhodaming B isothiocyanate (RITC). As
murine Langerhans' cells are capable of inhltrating the graft
after transplantation, we evaluated the human skin grafts at
various time-points after transplantalion. Furthermore, we
determined whether and when {lime after transplantation)
human APC inside the skin graft wers able to carry and transfer
the antigen to draining Iymph nodes after painting the geaft.

MATERIALS AND METHODS

Animals

BALB/c-nu/nu mice, 9-12 weeks old, were purchased from
Harlan Olac Ltd, {Blackthorn, UK) and were kept under
specific pathogen-free conditions. The mice were housed in
Macrolon, type 11 cages (ITL, the Netherlands) with filter tops
and were provided with sterile bedding, autoclaved food peliets
and acidified-chlorinated water ad libitum,

Skin grafting

Human skin was obtained {rom female individuals (£30 years
old} undergoing mammary reductions. The mammary skin was
prepared by gently scraping away all subcutaneous fascia.

Varying amounts of the dermis were trimmed so that the
thickness of the human grafts approximated 0-5mm, The mice
were anaesthetized with sodium hexabarbital (Evipan; Bayer
AG, Leverkusen, Germany). A piece of skin | cm?, localized in
the mouss fiank, was removed to the level of the panniculus
carnosus, After human skin was cut down to the size of 1cm?,
and coutd be fitted into the prepared graft site, it was secured by
stitching (Perma-Hand Seide, 5-0; Ethicon, Germany), There-
after, the graft was dressed with Op-Site (T.J. Smith and
Nephew Ltd, UK} and Microfeam (IM; Leiden, the Nether-
lands), which were firmly applied around the entire thorax.
Cnly one graft was applied on each animal. Mice with grafts
were housed individually. At 3 weeks after transplantation the
human skin graft stabilized, and subsequently a1 3, 6 and &
weeks after transplantation the bandage {frequently changed)
was removed before application of the allergen or solvent.

Graft exposure

At various times after grafting, 1001 of a 2% (W/V) solution
of RITC (Sigma, St Louis, MO), dissolved in DMSO:
aceton:dibutylphthalate (10:45:45), was painted ontc the
grafted human skin as established for mouse skin.® A ring of
petroleum jelly was applied bordering the graft to prevent
spreading of the hapten solution beyond the grafted human
skin, Al 3 days after exposure of the 3-, 6- and 9-week-old
human skin grafts, and subsequently at 1, 2 and 3 days after
exposure of the 3-week-old human skin grafis, the draining
axillary, brachial and inguinal lymph nodes were removed,
immediately frozen in liquid nitrogen and stored at —70°,

Antibodies
The monoclonal antibody {mAb) L234, directed to human
HLA-DR, was a kind gift of Dr A. Morgan (Celltech Lid,
Slough, UK). Cells of the mouse hybridoma CRL 8020
{OKTE6), which produce mAb against CDla, were obtained
from ATCC (Rockville, MD). The rat mAb M5/114, which
recopnizes Ia from the mouse, was a gift from D¢ E, van
Wilsem (Department of Cellbiology, Faculty of Medicine, VU,
Amsterdam, the Netherlands). Vmpl8 and Vhp20, both mouse
mAb specific for, respectively, human IL-1g and IT-18, were
kindly provided by Dr D. Boraschi {Laboratorio di Immuno-
farmacelogia, Centro Ricerche Sclave, Siena, Ttaly).?' Mouse
mAb 61E71, recognizing human THF-a, was a generous gft
from Dt W. Buurman (Department of Surgery, Biomedical
Center, University of Limburg, Maastricht, the Netherlands).??
L2134, OKT6, VYmpl8, Vhp20 and 61E71 were used as
biotin-labetled antibodies conjugated as previcusly described 2
The secondary antibody rabbit anti-rat-herseradish conjugale
(RaRa-HRP), used for mouse Ia detection, was purchased
from Dakopatts (Copenhagen, Denmark). The avidin—alkaline—
phosphatase (AP) and avidin—FITC conjugate used for biotin
detection were obtained from Sigma.

Immunoflucrescense staining and imnunehistochemistry

Cells carrying RITC were counted, in cryostat sections (8 ym)
from each draining lymph node, using a fluozescence micro-
scope, Vanox AH2-SEH Olympus (BPS545 excitation filter,
476-456nm excitation wavelengths). After counting the
RITC™ cells, the lymph nede sections and the skin graft
sections were fixed for 10min in fresh acetone (containing
0:02% H;0, for blocking of the endogenous peroxidase). Slides
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were incubated overnight at 4° in the dark witk L234 and
QKT6. All reagents were diluted in phosphate-buffered saline
(PBS) containing 0:1% bovine serum albumin {BSA) and
titrated to get optimal results, After incubation for another
60min at room temperature with avidin—FITC, diluted
optimally in PBS containing [% BSA and 1% nommal human
serum, the sections were washed with PBS. The sfides were
mounted in glycerolfsaline {9:1 vfv) and scaled with nail
varnish, Cells expressing FITC (BP495 excitation filter, 460—
490nm excitation wavelengths} were counted in cryostat
sections (8 yan) from each draining lymph node.

For the detection of Fa* cells in the graft, mAb M5/114 and
the secondary antibody RaRa-HRP were used. To detect
HLA-DR*,CDla*, IL-1a*, IL-18* and TNF-2" cells in the
graft, avidin—AP was used, The histochemical revelation of
HRP and AP was performed according to Classsen & Adler.?*
The slides were counterstained with haemaloxylin for 15
secends and mounted in glycerolfgelatin. Conlrol staining
gections with an isotype-matched control antibody and with
omission of the primary antibody were included in each
staining experiment?® In these controls no staining was
scen.

Quantification and statistical analysis

In the draining lymph nedes the RITC*, HLA-DR* and
CDHa* cells were enumerated in at least 50 sections per
draining lymph node {(approximately half of a node), The
relative frequencies of RITCY cells in the brackial and inguinal
draining [ymph nodes 3 days after RETC applicatior on a 3-
week-old human skin graft and a 3-week-old BALB/c-nu/ou
skin gralt were calculated based on the maximum number of
RITCY cells found in the axillary Iymph nodes (100%),
Differences between means of frequencies of positive cells
from S0 Iymph node sections were calculated using the
Student's ¢-tesl.

In the human skin graft in the dermis, HLA-DR Y, CDla*
and Ta™* cells were counted in two fiefds (0°Smm?ffield) in at
least two sections at three different sites of each human skin
graft. Tn the epldermis the HLA-DR*, CDla* and Ta* cells
were counted permm in at least two sections at three different
sites of each human skin praft. Because of the heterogeneous
distribution of human Ezngerhans' cells expressing CDla,
fuman dendritic cells expressing HLA-DR and mouse
dendritic cells expressing Ia cells in the human skin graft, we
used the varying intervals of positive cell numbers as a measure
for the behaviour of these cells in the graft.

RESULTS

General histological ebservation

As shown in Table 1, the frequencies of HLA-DR™ and
CDla* human cells [ocalized in the epidermis of the graft
decreased rapidly during the first 3 weeks after transplantation
compared to the frequencies of HLA-DR™* and CD1a™ cells
found before grafting (Fig. ta~d). In the dermis, by 3 weeks
after engraftment a selatively low number of HLA-DR ' as well
as CDIa* cells was found, compared to the frequencies
obsesved before transplantation and markedly decreased
frequencies § and 9 weeks after transplantation. From week 3
after transplantation the number of Ia* cells dramatically
increased in the dermis and less so in the epidermis of the
human graft (Fig. le).

Although the gquantification of epidermal human ceils
expressing CDla or HLA-DR or epidermal mouse cells
expressing [a* could be simplified by using epidermal sheets
(transversal sections) from the human skin graft, we used
cryostat cress-sections, the advantage of this appreach being
the possibility te study the expression of several antigens in
serial sections. Furthermore, epidermal sheets represent just
one plane in the skin and therefore the migrating Langerhans'
cells leaving the epidermal part or dendritic cells focalized in the
dermzl compartment, will be missed by analysis of these sheats.

Time aflter fransplaniation in relation to the migration of
dendritic cells to draining lymph nodes after painting

Averaged frequencies of RITC-carrying cells and HLA-DR*
cells from 50 lymph node sections are shown in Fig. 2. The
frequencies of RITC-fuorescent cells, as well as of buman
HLA-DR* cells, decreased rapidly 6 and % weeks after
transplantation, RITC-carrying cells (Fig. If) and HLA.
DR' cells (Fig. lg) were predominantly localized in the deep
cortex of the lymph node. A negligible number of HLA-DR™
cells (<10} was feund in the draining iymph nodes before
RITC application and afier solvent application. No HLA-
DR* cells were found in the lymph nades from ungrafted
BALB/e-nufnu mice. No auto-Auorescent cells expressing red
or green flurescence were detected in draining lymph nodes
obtained from a BALB/c-nu/ou mouse after grafting of human
skin either before or alter application of solvent.

The frequencics of HLA-DR™ cells and RITC-carrying
cells were determined by using the immunofluorescense
detection of RITC-carrying cells pror (e fixation of the

Table 1. Surface antigen expression in human skin grafis

Human HLA-DR Human CD1a Mouse Ia
Time after
transplantation Epldermis Dermis Epidermis Dermis Epidermis Dermis
0 {control) -0 21-60 110 1-2 0 0
3 weeks -2 3-20 1-2 4] 0 1-25
6 weeks 1-2 0 1-2 0 3-20 26-50
9 weeks 1-2 0 -2 0 320 51-1258

Number of positive cells per mm epiderrais aud per mm? dermis is indicated.
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Figure 1. Immunohistochemical and immunofiuorescent characterization of the graft and the draining lymph nodes in a hunian skin graft onte nude
mice model alter allergen application on the skin graft. () HLA-DR expression in a 3-weck-old human skin graft, (b) CD1a expression in a 3-week-
old human skin graft. {c) HLA-DR expression in normal human skin before transplantation (% §00), (d) CDla expression in normal skin before
transplantation. Note the decrease in HLA-DR and CD/la expression in normal human skin compared 1o a 3-week-0{d human skin graft. (e} [a*
cells are distributed all over the dermis, with a few towards the ¢pidermis, in a 9-week-old human skin graft. {f) Strong Auorescent RITC carrying
cells in a draining axillary {ymph nede after allergen application. (@) A dendritic cell in the draining axillary iymph node after allergen application
shows an intenss slaining with the mAb against HLA-DR at flnorescence microscopy. (b IL-le-producing cells in the epidermis in a 3-week-old

human skin graft. Mapnifications (a—e), x 200; ({-b), x 400.

section, and immunohistochemical staining of HLA-DR*
cells, Because fixation dramatically decreased the red fluor-
escense, double fluorescense staining was not able to give
reliable information,

Enflux of Guorescent cells In the lymph nodes after painting the
human skin graft 3 weeks after transplantation

The relative [requencies are shown in Fig. 3. The majority of

RITC-fluorescent cells that migrated from the human skin graft
were found in the axillary and brachial lymph nodes, whereas
lower frequencies were detected in the inguinal lymph nodes
tocalized at the same flank as the skin graft. In additiog, ic both
control syngeneic transplantation experiments and xenogeneic
transplantation experiments low relative frequencies of RITC™
cells were found in the inguinal lymph nodes at the same flank
as the skin graft, A comparatively high frequency of RITC*
cells (722) was detected in the draining axillary lymph node
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Figure 2. Changes in means of frequencies of RITC* and HLA-DR*
cells in the draining lymph nedes at § and 9 weeks compated to 3 weeks
after transplantation. Mice were painted with 2% RITC and 3 days
after application the relative migration capacity of RITC* and HLA.
DR* cells was established in the draining axiltary (2}, brachial () and
ingninal (c) lymph nodes, Bars represent the mean (£ SEM) frequency,
+ Statistical difference of P <01 for RITC" and HLA-DR™ cells
between 6- and S-week-old grafts compared to 3-week-cld grafts.

from a nude mouse grafted with BALB/c-nu/nu skin, compared
to the frequency of RITC™ cells (168) detected in the draining
axillary lymph node from a nude mouse grafted with human
skin.

Enflux of human dendritic cells in (he lymph nedes after painting
the haman skin graft 3 weeks after transplantation

The frequencies of HLA-DR™Y cells increased in the draining
axiliary and brachial lymph nodes during the first 3 days after
painting (Fig. 4). The frequency of HLA-DR* cells (<10} in
the draining [ymph nodes after RITC painting was negligible
before and afier solvent application,

In addition, the frequencies of CDIa* cells were deter-
mined in draining lymph nodes from human skin graft 3 weeks
after grafting and 3days after RITC painting. Evideatly less
CDIa* eslls (<20%) were counted compared to the
frequencies of HLA-DR™ cells in the draining {ymph nedes
(seven versus 71 in the axillary, 24 versus 129 in the brachial,
and 2 versus 65 in the inguinal [ymph noede}.

[ sALsic-nuinu
graft

Human graft

% relative frequencios
of RITC" cells

ALN BLN ILN

Figure 3, Effect of syngeneic and xenogeneic skin transplantation on the
relative frequencies of RITC* cells in the draining axillary (ALNY,
brachial (BLN) and inguinal (ILN} lymph nodes at 3 weeks after
transplantation and 3 days after application. Bars represzat the relative
frequency of one mouse.

Localization of human deadritic cells in 3-week-otd haman skin
graft afer RITC application

No differences in frequencies of HLA-DR* cells were observed
inside the epidermis and dermis | and 2days after RITC
application, compared to the frequencies of HLA-DR™ cells
observed before RITC application (Table 2). At day 3 after
painting, the frequency of HLA-DR* cells decreased com-
pared 1o the frequencies of HLA-DR™ cells detected in the
dermis before or | and 2 days after painting, Changes in the
already low frequencies of dendritéc cells in the epidermis were
not observed,

Exact quantification of fluorescent cells within the human
skin graft after RITC application was impossible, because
RITC as a hapten binds o proteins in the skin, which at the
doss used causes high levels of hackground fuorescence not
bourd to cells.

Cytekine production by epidernal cells

To establish the capability of the keratinocytes in the human
skin graft to produce human(hu)il- ie, hulL-18 and huTNF-«
{proinflammatory cytokines that have an important role in
migration of dendritic czlls to draining lymph nodes), the
expression of these cytokines was examined at various times
after RITC painting of the human skin graft and compared to

200 —
l:l Day 1
2 pay2

[&) Dav3

50+

100

o
=
T

Froquencios of HLA-DR' ¢ells
o

Figure 4. Changes in numbers of HLA-DR™ cells in the draining ALN,
BLN and 1LY lymph nodes examined 1, 2 and 3days after painting the
human skin graft with 2% RITC 3 weeks after transplaniation. Bars
represent the mean [+ SEM) frequency at one lime-point after RITC
application.



Contact sensitization on fruman xenografted skin

15

Table 2. Human HLA-DR expression in 3-
week-old human skin grafts afler RTTC painting

Human MHC 11
Time after painting Epidermis Dermis
¥ {control) 1-2 3-26
1 day 1-2 3-20
2 days i-2 3-20
3days -2 1-2

Number of positive cells per mm epidermis
and per mm® dermis is indicated.

previous data, ' After qualitative determination, we found that
the expression of hulL-l« (Fig. th}, hulL-{# and huTNF-«
was similar at days {, 2 and 3 after skin painting, compared to
the expression before painting. Human IL-le- and hulL-18-
producing cells were detected in the different epidermal cell
layers, whereas hu'T NF-u-producing cells were mainly observed
in the high epidermal ccll layers. The epidermis of the human
skin graft could be predominantly considered as "human' 3, 6
and 9 weeks after grafiing, based on the noermal histology
observed in the graft. The human epidermal part was thick
compared to the mouse epidermal part. A multi-layered thick
stzatified epithelium could be clearly recognized.

DISCUSSION

In this report we describe the functional activity of human
dendritic cells from 2 human skin graft after xenogeneic
transplantation, These cells were present in high frequencies in
the human skin graft at 3 weeks after transplantation. Their
Irequency in the dermis decreased 3 days after allergen
application, and subsequently, this resulted in a time-
dependent increase of human denddtic cells in the mouse
draining axillary and brachizl lymph nodes (in which no human
cells were present before RITC application). The preservation
of human cytokine production in the human skin graft
sepports the migration data. These results definitively estab.
lish that the human skin graft onto nude mice medel can be
employed to analyse conlact sensifivily,

We observed a relatively high frequency of human dendritic
cells expressing HLA-DR in the human skin graft 3 weeks after
transplantation, compared to the frequency of these cells
determined 6 and 9 weeks after transplantation. Therefore,
these tesults strongly suggest that at least the capability to
develop contact sensitivity, based op the presence of sufficient
human dendritic cells in the human skin graft, is not preserved
longer than a minimum of 3 weeks and a maximum of 6 weeks
aller transplantation.

Alter geafting of split-thickness normal human skin onto
nude mice, mouse Langerhans' cells were not observed during 2
months after grafung.'” In addition, after human skin
transplantation on nude mice the human dermis was
reconsteucted with mouse-specific elements such as endothelial
cells and fikroblasts.'” In the present study, the human skin
gralt was progressively invaded by mouse dendrtic cells
expressing Ta,

To test the capability of human dendritic cells from the graft
lo migrate to draining lymph nodes after painting, we
performed experiments to establish the optimal time-point
afier transplantation and subsequent application of the allergen
RETC. This was required to conclude that there is migration of
human dendritic cells. The present study focused on dendritic
cells expressing HLA-DR, because these dendritic cells take up
the allergen RITC™® and migrate to a draining lymph node,
TFhree weeks after transplaniation, and 2-3 days after appli-
cation of the allergen, numerous human dendritic cells {HLA-
DR*) were found in the axillary and brachial lymph nodes
draining the skin graft. The inguinal tymph nodes localized at
the same flank as the human skin graft did not play an
important draining role. These data provide evidence for
insufficient antigen-presenting cetls within the skin graft later
than 3 weeks after tcansplantation.

The moment of appearance of the human HLA-DR™
dendritic cells within the draining lymph nodes coincided with
the time-course of the numbers of HLA-DR* cells within the
human skin grafi (3 week old) during the first 3 days after
application. The changes in the human skin graft were
consistent with a previous report in which the behaviour of
mouse Langerhans’ cells was examined in epidermal sheets
from allografts or isogeafts,?s The simultaneous changes in the
graft and the draining [ymph nodes provide evidence that, in
eur model, similar 1o that described for conlact sensitization in
previous studies®?% a pathway might exist between the graft
and the draining lymph nodes.

The kinetics of dendritic cell accumulation in the lymph
node from mouse skin have been described by Hill ef al.?" [n
those studies, the frequencies of Buorescent cells increased
rapidly and reached a maximum at days 1-3. The present study
showed a graduat increase of HLA-DR™ cells in the draining
lymph nede between 0 and 3 days after RITC application on
the human skin geaft. Moreover, we found a high frequency of
RITC-carrying cells after syngeneic transplantation, coimpared
Lo a low frequency of those cells after xenogeneic transplanta-
tionin the draining lymph nodes 3 days after RITC application
on a 3-week-old skin graft. Therefore, it is concluded that
syngeneic transplantation might differ mazkeély from xeno-
geneic transplantation from the histelogical point of view,
However, it is also possible that in syngeneic skin grafts host
mouse Langerhans' cells migrate into the epidermis of the graft
or are generaied in the epidermis during the first 3 weeks, and
subsequently take up the allergen."

Although RITC-carrying cells were present {n high
frequencies in the draining {ymph nodes after xenoganeic skin
prafting, only a small proporiion of these RITC® cells were
HLA-DR* and CDla* celis {frequency RITC* > HLA-
DR* > CDla*), The difference between RITC and HLA-
DR expression could be the result of a failure to restrict the
aliergen to the grafled human skin, Latera) spread of the
topically applied RITC could have enabled the participation of
additional cells from the mouse skin outside the region grafted
with human skin.

The differences between HLA-DR and CDla expression
demonstrated that a proportion of the total number of HLA-
DR cells found in the draining #ymph nodes was Langerhans’
cells, This supgests that other dendritic cells in the human skin
graft coutd be important in the contact sensitization reaction.
Experiments done by Meunier ef al.® in humans and by Tse &
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Cooper’ in mice have demonstrated that both cutaneous
dermal HEA-DR* cells in bumans as well as in mice possess
antigen-presenting capacity and play a role in contact
sensitization. The existence of dermal dendritic cells with low
tevels of CD1a could support the small proportion of CDla™¥
cells detected i the draining lymph nodes.? Tn addition, it is
possible that an increase of HLA-DR expression on individual
APC dudng migration to the draining lymph nodes might be
partially respansible for the differences between the frequencies
of CD1a* and HLA-DR* cells observed in the draining lymph
nodes after exposure. Comberbateh ef 2t presented data from
mice that indicate that by the time Langerhans' celis reach the
regional lymph nodes, there has been a significant increasein la
antigen expression, censistent with phenolypic maturation, and
the acquisition of antigen-presenting cell function.

The observed expression of hulb-1g, hulL-18 and huTNF-
« by epidermal cells within the 3-week-old human skin graft,
was similar lo that detected in normal human skin.'* This
indicates that there is no defect in proinflammatory cytokine
produgtion in the grafted human skin in order 1o develop an
{mmune response, ka agreement with the findings in mice,'4-?
it is strongly sugpested that the observed migration of
Langerhans’ cells and other dendritic cells from the human
skin gra(t to draining lymph nodes after allergen application is
related to the produced epidermal cytokines,

In conclusion, the model system described here makes it
possible to establish migration of human dendritic cells during
a contact sensitization response at least 3 weeks after
transplantation and 2-3 days after RITC application. How-
ever, it should be kept in mind that this model could be of
limited use for induction of a primary contact hypersensitivity
reaction (sensitization and chailenge) that needs at feast several
weeks to develop, Additional studies with SCID mice with
human skin grafts from normal, sensitized or allergic
individuals, reconstituted with human peripheral blood
lymphocytes (full house meuse), are in progress to establish
ex vivo individual sensitivity to a given allergen.
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BRIEF COMMUNICATION

Allergic contact dermatitis still represents a serious problem in occupational health,
The epicutaneous patch test provides a sensitive methodology to establish the
diagnosis of allergic contact dermatitis in man. A disadvantage of the epicutaneous
patch test however is the risk of unwanted sensitization during the test depending on
the allergen used. A suitable in wivo or in vitro model to establish the individual
sensitivity or predisposition to be sensitized for a specific allergen is not available. The
purpose of this study was to establish an ex vivo human-skin-onto-mice model that
retains the possibility to develop the challenge phase of an allergic contact dermatitis
reaction, In such a model the prerequisites are: the persistence of human antigen
presenting cells for the uptake of allergen and migration, the persistance of human
antigen specific T-cells and non-specific T-cells in the graft or circulation during
several weeks, and signals for homing or recruitment of human T-cells to the human
skin graft after challenge.

Immune-deticient mice are widely used for xenograft experiments (1). They accept
buman skin grafts from normal skin as well as from skin diseases such as psoriasis,
cutaneous lupus erythematosus, pemphigus and vitiligo (2). These human skin grafts
on immune-deficient mice remained viable (3) and thus provided a powerful tool for
understanding the etiology and mechanism of these pathological processes in the skin
and the effect of topical application of pharmacologically active compounds (4,9).
However, this skin transplantation model was not used so far to establish the
sensitivity or predisposition of an individual to develop allergic contact dermatitis.

In general after allergen exposure, activated Langerhans cells migrate to the
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draining lymph nodes (sensitization phase) or to the dermis (challenge phase) to
present the antigen to naive or specific T-cells respectively. In case of a human-skin-
onto-immune-deficient-mice model it can be questioned whether it is possible to
initiate an antigen-specific immune response after exposure of the human skin graft,
Recently we established that the antigen presentation function remained intact for a
limited period of time after transplantation of normal human skin onto nude mice ie
the capability to take up allergen by human antigen presenting cells and migration of
these cells from normal human skin grafts to mouse draining lymph nodes (6). In the
present study we investigated the preservation of the challenge function in this
transplantation model. For this purpose we followed the preservation of human
characteristics und the ingrowth of murine cells in the human skin graft obtained from
allergic affected skin, Therefore, the human skin grafts were analysed for expression
of human MHC-class T and I (HLA-DR) antigens and mouse MHC-class II (Ia)
antigen. In addition we studied the feasibility of elicitation of an effective challenge
phase in a skin graft from human allergic affected skin after allergen application on
the graft, The persistence of human T-cells in this model and the presence of specific
markers for homing or recruitment from the circulation into the human skin graft was
examined (adhesion molecules ICAM-1 and ELAM-1). Human skin grafts were
obtained from allergic affected skin in order to ensure the presence of human T-cells
(£ 1% specific) in the skin graft to persist in the graft or in circulation after
transplantation.

Eighteen biopsies, two from each patient (one 5 mm and one 3mm in diameter)
with allergic affected skin, were all clussified as moderate allergic (++) at the final
reading {72 hours). The 5 mm biopsies were used for transplantation, the 3mm
biopsies were used as immunohistochemical stuining confroles.

Antigens were dissolved in aquadest or petrolatum at concentrations routinely used
in epicutancous patch test. The allergens were applied on the human skin grafts using
subsequently a piece of filter from the finn chambers (Epitest-Ltd. Oy, Payala,
Finland), op-site and microfoam for occlusion {Fig. 1). Three days after allergen
exposure the grafts were removed, snapfrozen and stored at -700C

For transplantation, the biopsies were prepared by gently scraping away all subcuta-
neous fascia. Varying amounts of the dermis were trimmed so that the thickness of the
human graft approximated 0.5 mm. The mice were anaesthetized with sodium
hexabarbital {Evipan; Bayer AG, Leverkusen, Germany). A piece of skin of 25 mm’
localized in one flank was removed to the level of panniculus carnosus. After the graft
fitted into the prepared graft site, the grafts were transplanted onto Balb/c-nude mice
(n=4, T-cell deficient) (Harlan Olac Limited Blackthorn, Bicester, Oxon, England) or
BNX mice (n=5, BNX-nu/nu bg/bg xid mice: T-cell deficient, recessive B-cell defect
(xid) and NK deficient (bg)) (TNO, Rijswijk, The Netherlands). The graft was dressed
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with op-site {T.J. Smith and Nephew Limited, England) and microfoam (3M, Leiden,
The Netherlands), which was firmly applied around the entire thorax. Mice with grafls
were housed individually and the bandage was removed 2 weeks after transplantation,
just before application of the specific allergen. Two human skin grafts transplanted
onto Balb/c mice and three human skin grafts transplanied onto BNX mice were
rechallenged epicutaneously with the same allergen as was applied for the in vivo
patch test which was used to generate the allergic skin biopsies. The allergic affected
skin biopsies used in this study were classified as moderately allergie. The concentrati-
on of the different allergens used was established to give reproducible moderately
allergic reactions in in vivo patch tests. The allergen treated group of mice was
compared to the non-treated group of mice independently on the type of allergen,

Two human skin grafts transplanted onto Balb/c mice and two human skin grafis

transplanted onto BNX mice were not rechallenged and were used as treatment
controles (Table 1),

Figure 1. The allergen application procedure of the uman allergic skin grafts on the mouse. a,
Appearance of a huunan allergic skin graft (Snim) on @ BNX mouse 2 weeks after transplan-
tation. b, Application method of the allergen using a picce of filter from the finn chamber. ¢, The
op-site applied on the filter. d, The dressing of microfoam around the animal’s tHorax.
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Table 1. Patients, specific allergen and mice

Patient Number Allergen Transplantation ento Allergen
Balh/c-nude or BNX treated
mice

1 p-amincazobenzene  Balb/e-nude yes
2 mercury chloride Balb/c-nude yes
3 coball chloride Balb/c-nude o
4 aickel sulphatc Balb/c-nude no
5 nickel sulphate BNX yes
6 cobalt chloride BNX yes
7 ethylencdiamine BNX yes
8 ethylenediamine BNX no
9 nickel sulphate BNX o

Tissue sections made from the human skin grafts were stained with biotinylated
monoctonal antibodies (MAD) including 1) the rat MAb M5/114 which recognizes
MHC-class II (Ia* cells) from the mouse (Dr. E. van Wilsem, Department of
Celtbiology, Medical Faculty Free University, Amsterdam), 2) the mouse MAb L1234
directed to human MHC-class 1T (HLA-DR* cells) (Dr. A. Morgan, Celltech LTD,
Stough, U.K.}, 3) the mouse MAD directed to human MHC-class T made by the mouse
hybridoma W6/32 (ATCC, Rockville, Maryland, USA), 4) the mouse MAb 19CI
specific for ICAM-1 (Dr. J. Y, Bonnefoy, Glaxo Institute for Molecular Biology S.A.
Geneva, Switzerland) and 5) the mouse MAb 13P specific for ELAM-1 (E-selectin)
(Dr. J. Y. Bonnefoy). As the 6th antibody, rabbit polyclonal antibody coupled to an
inert polymer backbone (DAKO EPOS) and horseradish peroxidase (HRP) was used
to mark human CD3 positive T-cells (Dakopatis, Copenhagen, Denmark), Details on
reagents and staining were essentially similar as described previously (6).

Graft acceptance was achieved in the four Balb/c and five BNX mice without
evidence of either technical failure or immunologic rejection (Table 1). To the grafts
on Balb/c nude and BNX mice specific allergens were applied. At 72 hours after
application of the specific allergen the grafts didnot show a muacroscopically allergic
reaction such as erythema. Biopsies were taken including the graft surrounding mouse
skin and underlying mouse tissue.
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The staining results are summarized in Table 2. The mouse portion of the biopsy
adjacent to the human graft showed positivity with the anti-mouse MHC-class Il
antibody. In all grafts the presence of mouse cells was established. The human skin
grafts on Balb/c or BNX mice exhibited a normal human MHC-class I expression in
the epidermal cell layers irrespective of the treatment received. In the dermal part of
the graft significantly more human MHC-class T positive cells were found in the grafts
on BNX mice as compared to the grafted Balb/c-nude mice in both the untreated as
well as the treated grafts. In the murine epidermal part of the sections no human
MHC-class 1 positive cells were detected. Fig. 2 illustrates representative sections
from: grafted human skin on BNX mice treated with allergen (a) and allergic affected
human skin before transplantation (b) both stained for human MHC-class L In the
dermis of 2 out of 3 treated human skin grafts onto BNX mice MHC-class I positive
cells were detected. In the untreated human skin grafts on BNX mice no MHC-class
II positive cells were found in the dermis (Table 2), The staining of sections with the
anti-human MHC-class 1T antibody is shown in Fig, 2c-e. Fig. 2¢ shows grafted human
skin on BNX mice, graft not treated with allergen, Fig. 2d. shows grafted human skin
on BNX mice, graft treated with allergen and Fig. 2¢ represents allergic affected
human skin before transplantation, The difference in MHC-class I expression
between the treated and untreated grafts is an indication for activation during the
challenge phase. Human MHC-class 1 positive cells in the epidermal part were found
in similar frequencies in the skin gralts on Balb/c and BNX mice as previously
determined (6). No differences in frequencies of epidermal MHC-class Tt positive cells
were found between the treated and the untreated human skin grafts, The observation
of increasing MHC-class T expression after allergen application on human grafted
skin is in agreement with previous reports in which an upregulation of MHC-class I
after allergen application fnt vitro and in vive was deseribed in mouse skin (7).

>>Figure 2. Inmunolocalization of hiunan tissue antigens using immunaperoxidase staining in
grafted human skin on BNX mice. MHC-class T positive cells tn luunan skin graft treated with
aflergen (a) and in a biopsy from allergic affected human skin before transplantation (b).
Innumolocalization of human MHC-class IT positive cells in grafted human skin untreated (c),
treated with allergen {d} and in a biopsy from allergic affected hinan skin (e). Absence of
buman CD3 positive cells in grafted Inunan skin unitreated (f) and treated with allergen {(g).
Presence of hitnan CD3 positive cells in infiltrates in the dermis in a biopsy from allergic affected
fuanan skin (1), Inununolocalization of ICAM-1 positive cells in grafted human skin treated with
alfergen (i} and in a biopsy frony allergic affected human skin (7). Magnifications x 200,
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Table 2, Summary of presence of cells expressing a specific cell-marker in
allergen or non allergen treated human skin grafts on Balb/c-nude or BNX mice.

Balb/e-nude mice (n=4) BNX mice {n=5)
Cell-marker not treated  (reated nol treated  treated

(n=2) (n=2) (n=2) (n=3)
Epidermis/Dermis E D E D E D E D
Murine MHC-11 (Ia) 0/2 2/2 072 272 0/2 22 0/3 33
Humuan MHC-T 22 0/2 22 42 /2 2/2 3/3  3/3
Human MHC-II (HLA-DR)  2/2  0/2  2/2 0/2 /2 0/2 33 2/3
Huntan CD3 0/2  0/2 0/2 0f2 02 0/2 /3 0/3
ICAM-1 0/2 /2 02 0f2 0/2 1/2 0/3 33
ELAM-1 0/2  0/2 02 02 0/2 0/2 03 1/3

Two sections at dilferent heighis for cach antibody were scored on the presence of obvious
positive cells (>5 per mm? dermis; >2 per mm epidermis), The scctions of the human skin
grafts onto Baib/c-nude mice were compared with sections from the human skin grafts onto
BNX-mice. Moreover, sections of human skin gralts prior Lo allergen cxposure were compared
with sections of human skin gralls after 3 days of altergen exposure on a 2 week old skin
graft,

' x/n; number of grafls with a positive grall score (=x) per lotal number of grafts (=n).

To investigate the capability of T-cells to home or to be recruited in the human skin
graft, we analysed the frequencies of CD3 positive T-cells in the human skin grafts
obtained from alblergic affected skin and in allergic affected skin before
transplantation. No human CP3 positive T-cells were detected in the different grafts,
Fig, 2f and Fig. 2g are representative anti-CD3 stained sections of grafted human skin
on BNX mice untreated (Fig, 2f) and treated with allergen (Fig, 2g). Fig. 2h is a
representative section of allergic affected human skin before transplantation stained
for CD3. So, by using this CD3-staining method we demonstrated that no human CD3
positive T-cells were present in the skin before or after challenge of a human skin
graft onto immune-deficient mice. These results suggest that the T-cells disappear
from the skin and persist in circulation in a very tow frequency. Moreover, these data
indicate that the circulated T-cells are not able to home to the human skin graft after
allergen application.
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To further address the requirement of homing and recruitment we investigated the
presence of adhesion molecules [CAM-1 and ELAM-1. Homing of human T-cells has
been proven to be dependent on the expression of adhesion molecules (8,9), ICAM-1
and ELAM-1 positive cells were not found in the human skin grafts on Balb/¢-nude
mice. In contrast, ICAM-1 and ELAM-I positive cells were observed in treated human
skin grafts on BNX mice. ICAM-1 and no ELAM-1 positive cells were found in
untreated human skin grafts on BNX mice. In all three allergen treated human skin
grafts on BNX mice few ECAM-1 positive cells were found in the dermal compartment
and not in the epidermal compartment (Fig. 2i). This is in contrast to the high
frequencies of ICAM-1 positive cells observed in allergic affected human skin before
transplantation (Fig. 2§). In one out of three ullergen treated human skin grafts on
BNX mice relatively few positive ELAM-1 positive endothelial cells were found in
skin grafts onto BNX mice as compared to ELAM-1 expression in human allergic skin
before transplantation, The difference in adhesion molecule expression between the
treated and untreated skin pgrafts is an indication for homing and recruitment
possibilities in the gruft after challenge, The disappearance of the ICAM-1 and
ELAM-1 expression on endothelial cells after transplantation is problably due to the
revascularization of the grafts by host microcirculatory bed (10),

In conclusion, this study indicates that activation of human cells in an allergic
affected human skin graft 2 weeks after transplantation can be established as judged
from the induction MHC-class I antigen expression. The present investigation
suggests that based on expression of ICAM-1 and ELAM-1 also the homing functions
will be intact. Using BNX mice, probably due to the NK-deficiency, human cells and
tissues are better be preserved in the graft, As a result relatively more MHC-class I1°,
ICAM-1* and ELAM-1" cells after allergen exposure could be observed as compared
to Balb/c-nude mice. However, far less human T-cells were observed in the 2 week
old allergic human skin graft 72 hours after allergen exposure as compared to human
allergic affected skin before transplantation. This might be explained by the level of
expression of the adhesion molecules present in the skin, It is possible that the very
few ICAM-1 and ELAM-1 positive cells observed in the human skin are not able to
allow homing and to recruit enough human T-cells from the circulation to the
challenged skin. Therefore, extension of this study including human PBL cell-transfer
after graft establishment will determine whether a higher frequency of human T-cells
present in circulation increase the chance of human T-cells to home to the human
skin grafi after allergen application,
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GENERAL DISCUSSION

In search of a marker to differentiate between human allergic and irritant contact
dermatitis and the development of an er wivo human allergic contact dermatitis
response in & human-skin-onto-immune-deficient-mice model our study has focussed
on cytokine analysis in human contact dermatitis and the prerequisites to establish an
ex vive human-skin-onto-immune-deficient-mice model that retains the possibility to
develop an altergic contact dermatitis reaction.

In chapter 2 we discuss the ultimate advantage of the in sifie approach which lies in
the ability to study the localization and activity of cytokines in relation to their direct
unchanged original microenvironment (including the demonstration of cell-cell
interactions), in all types of tissue at any given moment, without inducing artefacts by
manipulations such as cell separation and {pre} cuiture, A variety of immuno-
histochemical methods and a variety of fn situ hybridization methods are used in
different studies to analyse cylokine production. These methods are generally
applicable. However, the experimental character of various methods and the
interpretation of staining patterns in specific tissue compartments requires specific
training and expertise. We propose to select the method of choice on the reagents
available, individual preference and the amount of cytokine produced in one specific
cell. Signal amplification with a specific staining method based on a high signal to
noise ratio is often a prerequisite to detect human cytokines /n sitie, The indirect two
step method using biotinylated primary anti-cytokine antibody and subsequently
streptavidin-HRP/AP together with the indirect three step method vsing unlabelled
primary anti-cytokine antibody, a secondary biotinylated antibody and streptavidin
HRP/AP are the most frequently used methods. This choice was mainly based on the
efficient signal amplification steps. However, also the indirect two step method based
on an unlabelled primary anti-cytokine antibody and an enzyme-labelled secondary
antibody is frequently used in spite of an intermediate signal to noise ratio. The last
choice is mainly based on its simplicity,

We found that for cytokine-mRNA detection radioactive S labelled cRNA probes
are mainly used. However, in more recent literature, this preference of using S
labelled ¢cRNA probes has shifted to non-radioactive labelled oligonucleotide probes
due to the high specific signal obtained, easy production and labelling, no need of
radioactive facilities, low reagents costs and rapid processing,

To determine in which lymphoid compartment the T-B cell interactions required for
antibody production take place in human lymphoid tissue we studied the localization
of cytokine and antibody producing cells in human palatine tonsil. For this we
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established the usefulness of the indirect cytokine detection method. The intraceilular
cytokines were demonstrated using specific anti-cytokine antibodies and enzyme-
labelled secondary antibodies. Intracellular cytoplasmic cytokine staining was
observed.

Using this staining method co-localization of cytokine producing cells and antibody
forming cells in the extrafollicular area similar as described in murine spleen (1) was
observed. This indicates that in human lymphoid tissue T-B cell interactions take
place in the extrafollicular area. Most likely, antigens are taken up and processed by
macrophages or interdigitating cells in the extrafollicular area, After this, upon
contact, antigen-specific T-cells are activated and proliferate, B-cells inside the
germinal centre, binding soluble or processed antigen, migrate into the mantle zone
and extrafollicular area. Subsequently, these B-cells encounter the specific T-cells in
the extrafollicular area, and cognate T-B cell interactions result in cytokine and
antibody production, including isotype switching,

In chapter 3, we discuss the i situ detection of cytokine production in allergic and
irritant contaet dermatitis in man, We used the same assay to detect cytokine
producing cells as described for the tonsil as well as a new assay to detect cytokine-
mRNA producing cells. The immunohistochemical findings with respect to the T-cell
derived cytokines IL-2 and IFN-y were confirmed with the in situ hybridization
findings. Moreover, to detect TL-4 and IL-18 we developed two different sensitive
staining methods with high signal to noise ratios, IL-4 producing cells were demonstra-
ted using a three step method including anti-cytokine antibody, biotinylated secondary
antibody and enzyme-labelled streptavidin. IL-IB producing cells were demonstrated
using biotin labelled anti-cytokine antibody and enzyme-ltabelled streptavidin,

It is known that T-cells, epidermal cells and macrophages are involved in contact
dermatitis (2,3). Moreover, it is known that there are cytokine networks in the skin (4-
t1). 1L-2, IL-4, IFN-y and IL-10 are cytokines produced by T-cells. IL-1, IL-10 and
TNF-a are cytokines produced by epidermal cells. IL-1 and TNF-a are cytokines
produced by macrophages. These cytokines are produced during an inflammatory
response and represent the cytokine profile of the response.

In allergic contact dermatitis but not in irritant contact dermatitis the presence of
low numbers of specific activated memory T-cells is described (2,12-14), Therefore, it
was thought that the T-cell derived cytokines were produced in allergic contact
dermatitis and not in irritant contact dermatitis. Interestingly, based on the detection
of IL-2, IL-4, TL-10 and IFN-y producing cells in the dermis, we could not establish
signi-ficant differences between the frequencies of cytokine producing cells in allergic
contact dermatitis as compared to irritant contact dermatitis. Furthermore, in both
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reaction types [L-2 and IFN-y producing cells as well as IL-2-mRNA and IFN-y-
mRNA producing cells were observed. This suggested that naive non-specific T-cells
might be activated in the allergic as well as the irritant reactions. In addition, our
results are consistent with the experiments of Thomson et al. (15) who demonstrated
that Th2 ¢ytokines could also be produced in a Th1 contact hypersensitivity response
and suggests that a similar balance between Thl and Th2 cells exists in allergic and
irritant reactions. The presence of IL-4 suggests a critical role for IL-4 (16), whereas
the presence of EL-10 suggests an immunosuppressive mediator role (9,17-20) in
irritant contact dermatitis as already established in allergic contact dermatitis,

IL-1a and TNF-a are pro-inflammatory cytokines produced by epidermal cells and
macrophages. The invoivement of IL-le and TNF-a in allergic and irritant contact
dermatitis was demonstrated by i# vive modulation experiments in man (21,22), IL-1
and IL-10-mRNA are produced by epidermal cells, They are produced after allergen
and not after irritant application in a mouse model (4,5). These data suggest that
there could be a difference between IL-18 and IL-10 production in allergic and
irritant reactions in man as found in mice, The staining patterns in the epidermis of
IL-1e, 1L-18, TL-10 and TNF-« suggest that these cytokines are produced in relatively
large amounts due to allergen or irritant application as compared to normal skin, In
contrast to mice, minor differences in IL-18 and TL-10 expression between both
reaction types were observed in man. It appears that the TL-10 positive cells were
keratinocytes and the IL-1B positive cells were keratinocytes and dermal Langerhans
cells in both reaction types, The discrepancies between our study in man and the
mouse study could be explained by the difference in species, time-point (72h versus
24h), and the techniques we used as compared to Enk et al. (4,5). In contrast to Enk
et al. (4,5) who studied the primary immune response in the skin, we studied the
secondary immuie response.

From chapter 3 it is clear that similar frequencies of cytokine producing cells are
observed in both allergic and irritant contact dermatitis. In line with this result that
there are no differences in frequencies of cytokine producing cells is the observation
that similar changes in Langerhans cell populations are found in irritant contact
dermatitis as compared to allergic contact dermatitis. Migration of Langerhans cells to
the draining lymph nodes do occur in irritant as well as allergic contact dermatitis (23-
27). In addition, the cells derived from lymph vessels after irritant application possess
increased antigen presenting and proliferative capacities confirming the presense of
Langerhans cells and/or macrophages and also functionally active T lymphoeytes (28).
Similar immune-associated surface antigens are expressed in both reaction types,
Intercetlular adhesion molecule-1 is such an antigen, which is known to play a role in
leucocyte adhesion. It is expressed by keratinocytes in both allergic and irritant contact
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dermatitis, and is also upregulated on the surface of vascular epithelium (29,30). The
leucocytes in the cellular infiltrates in the allergic and irritant reactions consist of
similar phenotypic profites (31). After allergen or irritant application keratinocytes are
able to express MHC class II molecules (31,32). Moreover, as observed for murine
antigen-carrying Langerhans cells in vivo, after allergen skin application cell rosetles
consisting of a Langerhans cell with lymphoeytes could be observed in human skin
lymph derived from irritant contact dermatitis (33). Thus, the conclusion must be
drawn that common inflammatory pathways are operating in both allergic and irritant
contact dermatitis. As a consequence we still felt the need for further investigations to
find a differentiation marker in contact dermatitis,

Cytokine hased immune modulation is the result of a critical balance between
actions of different cytokines. This indicates that more attention has to be paid to
cytokine profiles as we show in chapter 3.3. In that chapter differences were found
between the ratios of frequencies of different cytokine producing cells in the allergic
and frritant affected skin biopsies. The development of a routine double or multi
staining method to detect two or more cyfokines in one section is crucial in
determining the exact cytokine profiles. It could well be that hased on the detection of
Tho, Th1 and Th2 cells at an early time point using a multi staining method allergic
and irritant contact dermatitis responses can be differentiated in the future.

In chapter 4 we investigated the role of CD40 ligand-CD40 interaction in contact
hypersensitivity (DTH) in mice. We did this to establish the possibility to use the T-
cell activation marker "CD40 ligand" as differentiation marker between allergic and
frritant contact dermatitis in man. t was shown that CD40 ligand and CD40 positive
cells were found in human allergic affected skin. Furthermore, the kinetics of
appearance of CD40 ligand, C40 positive cells, cytokine producing cells and CD4
positive cells observed in contact hypersensitivity in mice confirmed the observations
made in man. Therefore, it was hypothesized that CD40 ligand-CD40 interaction
might be essential in contact hypersensitivity responses after skin exposure to an
allergen. We evaluated the cellular immune response (DTH} in a mouse medel after
skin exposure to the contact allergen dinitrochlorobenzene (DNCB) and anti-CD40
ligand antibody treatment,

The effect of anti-CD40 ligand antibody treatment on the local humoral immune
response was investigated to determine the role for CD40 ligand-CD440 interaction on
local specific antibody production after allergen application on the skin. Treatment of
mice with anti-CD40 ligand specific antibody before sensibilization and after
sensibilization resulted in a complete inhibition of the secondary antigen specific local
antibody response afier antigen skin application. These results indicate that the
antibody treatmeni was effective, Moreover, these data indicate that a specific local
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humoral immune response due to skin exposure to a contact allergen (DNCB) as was
found for a specific humoral immune response after iv. antigen immunization (TNP-
KLH) (34) could be modulated by anti-CD40 ligand antibody treatment.

In the same group of mice, in which we demonstrated a reduction of the frequency
of anligen specific antibody forming cells, ear swelling (DTH) was not found to be
influenced by ant-CD40 ligand antibody treatment. These results suggest that
blockage of the interaction between CD40 ligand expression on T-cells and CD40
expression on Langerhans cells is not sufficient to prevent contact hypersensitivity,
Therefore, it is concluded that the CD40 ligand-CD40 interaction is functional
predominantly in the humoral immune response caused after skin exposure to a
contact allergen.

It could well be that the few CD40 ligand positive cells observed in contact
hypersensitivity in mice and allergic contact dermatitis in man are specific activated
memory T-cells, This is supported by the knowledge of the presence of a minor
fraction of specific activated memory T-cells in allergic contact dermatitis, This
suggests that characteristics of these activated memory T-cells are not useful as
possible differentiation markers.

Today, allergic contact dermatitis as compared to irritant contact dermatitis in man
still represents & serious problem by the difficulties that arise if the dermatitis is an
occupational allergic contact dermatitis. Irritant contact dermatitis can be prevented
by wearing special clothes or gloves, but allergic contact dermatitis is difficult to
prevent due to the low concentration of a chemical which can cause the reaction.
Total avoidance of the responsible allergen represents a definite solution in allergic
contact dermatitis. However, frequently the responsible allergen is unknown or
difficull to avoid in cases where the allergen is abundantly present in the
{oceupational) environment,

If there is a suspected allergen the epicutaneous patch test is used to determine the
individual sensitivity,. The most important disadvantage of this test is the risk of
sensitization the person during the test. A routine test to establish the predisposition
of an individual to be sensitized in the future for a given allergen is not available yet.
Therefore, an ex vive model suitable to establish the individual sensitivity or
predisposition to be sensitized in the future is of great value to occupational health
practice. The introduction of a human-skin-grafted-immune-deficient-mice model that
retains the challenge phase with or without the sensitization phase of an allergic
contact dermatitis reaction may provide an alternative way to develop a human
allergic contact dermatitis response ex vivo. To establish the individual sensitivity ex
vivo the prerequisites of the model are: the persistence of human antigen presenting
cells for the uptake of allergen and migration, the persistance of antigen specific T-
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cells and non-specific T-cells in the graft or circulation during several weeks, and
signals for homing or recruitment of human T-cells to the human skin graft after
challenge. To establish the individual predisposition fo be sensitized in the future also
the sensitization phase has to be included in this model. Upon sensitization human
allergen-specific T-cells have to proliferate in the mouse draining lymph node and
become memory T-cells.

We studied the functional role of human antigen presenting cells "Langerhans cells”
in human skin grafts after transplantation onto immune-deficient mice, A fluorescent
allergen was painted on the human skin graft and both fluorescent microscopy as well
as immunohistochemical staining techniques were used to address the question
whether human Langerhans cells take up the antigen and migrate to the mouse
draining lymph node. So, we extended the classical human-onto-nude-mouse-skin-
grafting experiments done by Krueger et al, (35) and the confact sensitivity experi-
ments with fluorescent allergen (36-39). Human MHC-II positive cells with a dendritic
appearance and fluorescent-carrying cells were found in the draining lymph node of
painted human skin grafted mice. This strongly suggests that human Langerhans cells
in human skin after transptantation on immune-deficient mice are capable to take up
antigen and to migrate after stimulation.

Langerhans cells migrate to the dermal compartment (challenge phase) or lymph
node (sensitization phase} to present the antigen to T-cells in order to initiate an
appropriate antigen-specific immune response. In case of & human-skin-onto-immune-
deficient-mice it can be questioned whether it is possible to imtiate the challenge
phase of an allergic contact dermatitis reaction. In this thesis human skin biopsies
used for transplantation were obtained from allergic affected skin 72 hours after
allergen application and the effect of allergen application on the human skin grafis
onto immune-deficient mice was investigated. By using allergic affected skin, in which
human T-cells are present, we tried to overcome cell transfer, However, human T-
cells were not observed in the human skin grafts after challenge due to the
disappearance of the T-cells from the human skin graft 2 weeks after transplantation
and the low frequency of human endothelial cells expressing adhesion molecules in
the grafts, The few ICAM-1 and ELAM-1 positive cells observed in the human skin
graft are not able to allow homing and to recruit enough human T-cells from the
circulation to the challenged skin. In contrast to our results Yan et al. (40,41)
demonstrated human cell recruitment into human skin after intradermal TNF-a
injection and an iv. injection of human neutrophils, They found that human celi
recruitment into human skin transplanied onto severe combined immunodeficient
(SCID) mice induced by TNF-« is dependent on E-selectin (ELAM-1). The grafted
skin used in these experiments retained its human vasculature 4-6 weeks after grafting
in contrast to our results seen in grafted Balb/c-nude and BNX-mice and other



136 Chapter 0

reports describing the revascularization of human skin grafls onlo nude mice (42,43).
The discrepancy may be due partly to the transplantation methods or the different
species of mice or the amount or type of human cells present in the circulation,
Supposedly, human endothetial cells with their adhesion molecules and T-cells play an
important role in the challenge phase of allergic contact dermatitis in a human skin
graft. This suggests that human endothelial cells and T-cells have to be present in a
lhuman-skin-onto-immune-deficient mice to induce an efferent allergic response.
Human PBL cell-transfer after graft establishment will determine whether a higher
frequency of human T-cells present in circulation increase the chance of human T-
cells to home to the human skin graft after allergen application.

To establish the predisposition of & person to be sensitized in the future both the
sensitization phase as well as the chullenge phase have to be included in the human-
skin-onto-immune-deficient-mice model. In view of the fact that human Langerhans
cells in the skin graft are capable to take up antigen and migrate to the lymph node in
a limited period (window) 2-3 weeks after transplantation (chapter 5.1) we expect that
the induction of an ex vivo human allergic contact dermatitis response (including the
sensitization and challenge phase) in a human-skin-gnto-immune-deficient-mice model
reconstituted with human PBL’s would be difficult to achieve. Firstly, the allergic
contact dermatitis response is based on a sensitization and challenge phase, and
therefore needs several weeks to develep in a human-skin-onto-immune-deficient-
mice, Secondly, our results and results from other studies suggest that adhesion
motecules have to be present on human endothelium in the skin graft for homing of
{antigen specific) human T-cells to the human skin graft (44,45). Based on the first
point it could be easier to develop a human-skin-onto-imnmne-deficient-mice model
1o establish the individual sensitivity, because only the challenge phase has to be
inchuded for this purpose.

Further investigations may contribute {o the development of a model to establish the
ev vivo individual sensitivity or to predict the individual predisposition to be sensitized
in the future,
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GENERAL CONCLUSIONS

Different successful antibody and probe based i vive human cytokine detection
methods are avaiiable and generally applicable, Signal amplification is important for
human cytokine detection.

T-B cell inferactions occur in the extrafollicular area of human palatine tonsils,

Similar frequencies of cytokine producing cells are present in human allergic and
irritant comtact dermatitis in vivo, The study of cytakine profiles may be very useful.

CD40 tigand (gp39) and CD40 paositive cells are present in contact hypersensitivity in
mice and allergic contact dermatitis in man, CD40 Hgand-CD40 interaction does play
a functional role in the local humoral immune response but not in a contact
hypersensitivity response after skin exposire to a contact allergen in mice.

Human Langerhans cells present in the human skin graft on immune-deficient mice
are capable to take up antigen and to mijgrate to the murine draining lymph node
after allergen application on the graft

Homing and recruitment of human T-cells do not seem to occur in a human allergic
skin graft onto immune-deficient mice without cell-transfer after challenge |
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SUMMARY

The aim of the studies presented in this thesis was 1o find a differentiation marker
between human allergic and irritant contact dermatitis, and to develop an ev vivo
model to establish the individual sensitivity or predisposition to be sensitized in the
future for a specific allergen,

Special emphasis was put on the development of antibody and probe based in siftu
detection methods (Chapter 2). We analysed the existing literature with respect to
cytokine detection in human tissue and we presented these different methods, their
advantages and disadvantages, Furtherntore, the ultimate advantage of the in situ
approach and the essential specificity controls for the antibody and probe based
detection methods are listed and deseribed. Studies using the in sitie cytokine detection
approach to analyse the presence of cytokine producing cells in human palatine tonsil
and in both allergic and irritant contact dermatitis are described in chapter 2.2 and
chapter 3 respectively, Since similar cytokines are produced in both the allergic and
frritant affected skin sites, we wondered whether CD40 ligand (gp39) a T-cell
activation marker, could be used as a differentiation marker between allergen and
irritant contact dermatitis, Therefore, we studied the functional rol of CD40-CD40
ligand interaction in DTH reactions in mice in in vive modulation experiments using
anti-CD40 ligand monoclonal antibody treatment (chapter 4).

To develop an ex vivo model 1o establish the individual sensitivity or predisposition
to be sensitized for a specific allergen we first questioned whether the functional role
of antigen presenting cells "Langerhans cells" within the human skin graft grafted onto
immune-deficient mice is preserved (chapter 5.1). Secondly, the possibility to imitate
the efferent phase in a human-skin-onto-immune-deficient-mice model was studied
using human allergic skin grafts and specific allergen application on the skin graft
(chapter 5.2).

In chapter 2 the evident advantages of the in wvivo approach, which allow the
localization, activity, and interactions of various cells and cell products, antibodies or
cytokines, in relation to their direct unchanged original micro-environment, were
described. It is concluded that the in vivo approach can be used with all types of tissue
at any given moment, provided biopsies can be iaken, without inducing artefacts by
manipulations like cell separation and culture. A variety of immunohistochemical
methods and a variety of in situ hybridization methods could be found in different
studies to analyse cylokine production. We concluded that selection of the method of
choice will depend on availability of reagents, individual preference and the amount of
cytokine produced in one specific cell. To amplify the signal a staining method which
resulted in a high signal to noise ratio was necessary. To test the specificity of the
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anti-cytokine antibody or the correciness of the staining procedure several different
controls have to be incorporated in the assay. The indirect two step method using
biotinylated primary anti-cytokine antibody and subsequently streptavidin-HRP/AP
together with the indirect three step methad using unlabelled primary anti-cytokine
antibody, a secondary biotinylated antibody and streptavidin HRP/AP are the most
frequently used methods mainly based on the amplification steps included. Although
less sensitive, the indirect two step method based on an unlabelled primary anti-
cytokine antibody and an enzyme-labelled secondary antibody is also frequently used
due to its simplicity.

Considering cytokine-mRNA detection we concluded that mainly radioactive *S
labelled cRNA probes were used. However, recent reports show that this preference
of using *S labelled c¢RNA probes has shifted to non-radioactive labelled
oligonucleotide probes due to the high specific signal obtained, no safety problems, no
need of radioactive disposal facilities, no high reagent costs, easy production and
tabelling, and rapid processing.

The usefulness of the /n sty immunohistochemical approach to detect cytokine
producing cells is shown in the human tonsil. To determine which cytokines are
important in the humoral immune response i wwvo and in which anatomical
compartment(s) the T-B cell interactions are localized we studied the localization of
cytokine producing cells together with antibody forming cells in human palatine tonsil
after recurrent tonsillitis. Co-localization of cytokine producing cells and antibody
forming cells in the extrafollicular urea was found. This points out that in human
lymphoid tissue T-B cell interactions take place in the extrafollicular area,

In chapier 3 the cytokine profiles are studied in allergic and irritant contact
dermatitis at the time of final reading of the epicutanreous putch test 72 hours after
allergen application. Minor differences were found between the frequencies of the T-
cell derived cytokine producing cells or the epidermal cell derived cytokine producing
cells in the allergic group of patients as compared to the irritant group of patients,
Therefore, the cytokines produced by T-cells (IL-2, 1E.-4, TL-10, TFN-y) and epidermal
cells (IL-1e, TL-1B3, TNF-a, 1L-10} are considered to play an important role in the
development of the inflammatory response in both types of contact dermatitis. These
data are in agreememt with data obtained in other studies in which no differences
were found between allergic and irritant reactions based on the expression of adhesion
molecules, cell phenotypes and other cell characteristics, However, as we show in
chapter 3.3 some of these problems could be solved when differentiation is made
based on the difference between the ratios of frequencies of different cytokine
producing cells in allergic and irritant affected skin biopsies.
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To try to find a differentiation marker we also investigated the role of CD40 ligand
and CD40 in contact hypersensitivity in mice as well as in allergic contact dermatitis
in man (chapter 4). CD40 ligand and CI240 positive cells were detected in allergic
affected skin in both human as well as murine allergic affected skin; CD40 ligand in
the dermal compartment and CD40 on epidermal and dermal cells with an evident
dendritic appearance. Treatment of mice with anti-CD40 ligand antibodies before or
after DNCB skin sensibilization demonstrated that the CD40 ligand-CD40 interactions
are essential for the generation of secondary follicles and antigen specific antibody
forming cells, But, the DTH response against DNCB after in vivo treatment of mice
with anti-CD40 ligand antibodies was unaffected. In conclusion, these results indicate
that CD40 ligand expression is not important during a specific immune response in
the skin and could therefore not be used to differentiate between allergic contact
dermatitis and irritant contact dermatitis,

To develop an ex vive human-skin-graft-onto-mice model to establish the individual
sensitivity or predisposition to be sensitized in the future for a specific allergen
chapter 5.1 describes the important immunological events such as antigen-uptake by
antigen presenting cells and migration of these cells to the draining lymph nodes in
the human-skin-graft-onto-mice model after topical application with the fluorescent
allergen RITC. Furthermaore, chapter 5.2 describes the detection of human and
murine MHC, human CDla and CD3, and human ICAM-1 and ELAM-1 expressing
cells in the human-allergic-skin-graft-onto-mice model after topical application with
the specific known allergen.

As described in chapter 5.1 the frequencies of human and murine MHC class 1T
positive cells in the skin grafts after transplantation and after RITC application are
related to the frequencies of RITC-carrying and human MHC class II positive cells
found in the draining lymph nodes before and after RITC application on the skin graft
using in st immunohistochemical staining methods. Grafting resulted in a time-
dependent decrease of human MHC-IIDR* and CDl1a' cells and an increase of mouse
MHC-1I-Ta" cells inside the graft. Application of RITC on a 3 week old human skin
graft showed optimal migration capability as compared to 6 or 9 week old grafts. The
time-dependent increase of frequencies of RITC' and MHC-IIDR® cells in the
draining lymph nodes and the time-dependent decrease of MHC-IIDR' cells in the 3
week old human skin graft were concurrent. Supporting these data, human cytokine
IL-1a, IL-18 and TNF-a analysis in sifu revealed that cytokine production by
keratinocytes, a property associated with dendritic cell migration, was preserved in the
human skin graft. These data suggest that like dendritic cells in contact sensitization in
allografted skin, dendritic cells from human xenografted skin onto nude mice are
capable to migrate to mouse draining lymph nodes after allergen application. This
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study revealed that induction of contact hypersensitivity is possible in a human-skin-
graft-onto-nude-mice-model, although the use of this ex vive model to analyse contact
sensitivity is probably limited to 3 weeks after transplantation.

Analysis of the allergic human skin grafts in chapter 5.2 revealed that after grafting
of human allergic affected skin onto Balb/c nude or BNX mice T-cells disappear from
the graft, Moreover, less ICAM-1, ELAM-1 and MHC-cluss Il expression was
observed in the dermal compartment after grafting human allergic affected skin.
However, after comparing the treated and untreated human allergic skin grafts onto
BNX mice we found a difference in frequencies of MHC-class II and ICAM-1 positive
cells, This is an indication for activation during the challenge phase. Human CD3
positive cells were nof found in the treated skin grafts. We concluded that the level of
expression of adhesion molecules in the skin and the tow frequencies of human T-cells
in the human skin graft or in circulation might cause the absence of T-cell infiltration
in the human skin graft after challenge. This suggests that perhaps human PBL cell-
transfer after graft establishment will be useful to increase the chance of human T-
cells to home to the human skin graft after allergen application.

In chapter 6 the major points emerging from the studies are discussed in the light of
data presented in the literature. In spite of the fact that the mechanisms between
allergic and irritant contact dermatitis are different, no differences were found
between these two types of inflammatory skin reactions with regard to cytokine
production. These observations suggest that there are perhaps only minor differences
which do not allow to discriminate between the two immune responses
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SAMENVATTING (ook voor de niet-immuno/toxicoloog)

Inleiding en deel van de studie

Lichaamsvreemde stoffen kunnen interfereren met de normale funciie van het
afweersysteem (immuunsysteem) van de mens. Van een aantal stoffen is bekend dat
zij, na enkele malen in confact te zijn geweest met de huoid, verschijnselen in de huid
oftewel een allergische (overgevoeligheids) reactie kunnen vercorzaken. Van andere
stoffen is bekend dat zij, na verscheidene malen in contact te zijn geweest met de
huid, een irritatieve (toxische) reactie veroorzaken. Er is behoefte aan betere criteriua
o het type coniact dermatitis, allergisch of irritatief, in het laboratorium te kunnen
vaststellei. Anderzijds zijn er nog geen goede gevalideerde testmethoden beschikbaar
voor het bepalen van de gevoeligheid (inclusief predispositie} van een gegeven
persoon om een allergische reactie te ontwikkelen als deze persoon in contact komt
met een allergische stof (allergeen of ook wel antigeen genoemd).

Het afweersysteem is betrokken bij het instandhouden van het evenwicht van alle
functies in het lichaam. De primaire taak is de herkenning en verwijdering van
infectieuse micro-organismen  (bacterién, schimmels virussen en parasieten) en
kankercellen, Bovendien kunnen afweerreacties ontstaan tegen transplantaten, voedsel
en lichaamsvreemde stoifen. Het afweersysteem in het lichaam kan onderverdeeld
worden in twee takken: de "verkregen" of specificke respons en de "aangeboren" of
niel-specificke respons, De laatste onderscheidt zich van de eerste doordat de
weerstand niet verbetert na herhaalde infecties (geen geheugen) en door het
grotendeels niet-specifieke karakter (geen herkenning). Mogelijkheden voor niet-
specificke afiveer zijn bijvoorbeeld: opname van deeltjes door macrofagen en de
werking van maagzuur en slijm. De specifieke afweer kan op zijn beurt weer
onderverdeeld worden in: de humorate respons en de cellulaire respons, Beide
responsen zifn een specifieke reuctie gericht tegen een binnendringend
lichaamsvreemde stof of organisme {antigeen), en zijn dus athankelijk van herkenning,

De humorale respons bestaat uit het produceren van afweersloffen door B-cellen die
het antigeen binden en vervolgens via diverse mechanismen verwijderen.
Voorafgaande aan afweerstofproductic moeet het antigeen meesial eerst door cen
antigeen-presenterende cel (b, dendritische cellen, sommige macrofagen of
Langerhans cellen in de huid) opgenomen en verwerkt worden om doorgaans via de
T-helper-cellen aan de B-cel aangeboden te worden, De productie van mediatoren, de
cytokinen, door met name T-cellen speelt hierbij een zeer belungrijke regulerende rol,
zowel in de presentatie als de uiteindelijke effectorfase, Bij de cellulaire afweerrepons
vindt de vernietiging van het antigeen plaats door een cel-cel interactie waarbij de T-
cellen centraal staan.
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Zowel T-cellen als afweerstoffen spelen een belangrifke rol in humorale en
cellulaire afweerresponsen. Ook door de overlappende (één cytokine meerdere
functies) en pleiofrope (één functie door meerdere cytokinen) effecten van door T-
cellen geproduceerde cytokinen zijn beide responsen niet strikt te scheiden. Om het
netwerk nog gecompliceerder te maken moefen we ook rekening houden met de
genetische make-up van de transplantatie-antigenen (MHC/HLA) die bij iedere T-cel
gemedieérde stap in de afweerrespons betrokken zijn en die bepalen of een antigeen
wel of niet als lichaamsvreemd gezien wordt, Varigbiliteit van MHC moleculen is een
belangrijke reden voor de inter-individuele variatie in afweerresponsen die gevonden
wordt in een willekeurige blootgestelde populatie.

Contact dermatitis

Huidaandoeningen door lichaamsvreemde stoffen in het bijzonder allergische en
irritatieve  huidaandceningen behoren tot de meest frequent voorkomende
beroepsgebonden aandoeningen. Er zijn verschillen tussen enerzijds "allergische
huidreacties”, die kunnen ontstaan bij het contact met lage concentraties van stoffen
en alleen bij daarvoor "overgevoelige” personen en anderzijds "irritatieve huidreacties”
die bij iedereen kunnen optreden indien de concentratie van de stoffen maar hoog
genoeg is. Verschillende allergenen kunnen alleen een allergische huidreactie
veroorzaken, maar daarnaast bestaan er ook stoffen die zowel een allergische als een
irritaticve  huidreactie kunnen veroorzaken. Differentiatie tussen beide (ypen
huidreacties, nodig met het cog op te nemen maatregelen en interventies, is niet altijd
goed mogelijk.

Om ¢en bijdrage te leveren aan het ontwikkelen van een gevalideerd testsysteem
met geschikte criteria bestudeerden wij het cytokine-profiel in huidbiopten van
allergische en irritatieve huidaandoeningen, Naast cel-cel interacties, (die o.a. plaats
vinden door CD40 ligand (gp39) en CD40 interactie), vindt regulatie van de
afweerrespons plaats door cytokinen; oplosbare factoren, eiwitten met een laag
molekuulgewicht (<80kD) die zeer effectief werken, vaak op korte afstand en in zeer
lage concentralies. Gedurende de laatste juren zijn niet alleen een groot aantal
"nieuwe" cytokinen beschreven, maar is cok duidelijk geworden dat deze stoffen in
een zeer complex netwerk functioneren. Bestudering en ontleding van dit netwerk
wordt bemoeilijkt door de pleiotrope en overlappende effecten alsmede door het feit
dat cytokinen zowel elkaar als de vorming van cytokine receptoren induceren,
Bovendien kunnen cytokinen elkaar stimuleren, remmen of samenwerken, en deze
functie is afhankelijk van de lokale sitvatie. Mede door toepassing van de twee nieuwe
technieken jmmunchistochemische detectie van cytokinen (detectic van eiwitten door

afweerstoffen) en in situ hybridisatie van_cytokine-mRNA (detectie van cytokine-

mRNA met behulp van complementaire genetische probes) zal het netwerk steeds
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beter beschreven worden.

Al eerder =zijn de karakteristicke kenmerken van allergische en irritatieve
huidrescties bestudeerd om zo mogelijk verschillen aan te tonen tussen beide reacties.
Kleine verschillen zijn aangetoond, maar tot nu toe is het 'nog onmogelijk om
duidelijke verschillen aan te tonen waarop beide reacties konnen worden
onderscheiden.

Met het toenemen van de kennis over de pathofysiologische aspecten van contact
dermatitis is gebleken dat immunohistochemische en in situ hybridisatie technieken,
die cytokine{mRNA} producerende cellen zichtbaar kunnen maken onder de
microscoop, mogelijk hanteerbare criteria kunnen leveren.

Allergische contact dermatitis wordt veroorzaakt door een specifieke T-cel
gemedicerde respons, terwijl irritatieve contact dermatitis wordt veroorzazkt door een
niet-specifieke respons, op basis van een irritatieve invioed. Dit gegeven samen met de
wetenschap dat Interleukine-2 (IL-2), IL-4, IL-10 en Interferon-gamma (IFN-y)
specifiek worden geproduceerd door T-cellen, en Tumor Necrosis Factor-alpha (TNF-
o) en Interleukine-1 alpha en beta (IL-le en B) algemeen geproduceerde cytokinen
zijn, kunnen mogelijk een belangrijke bijdrage leveren aan additionele criteria voor
differentiatie tussen allergische en irritatieve huidreacties.

Het onderzoek beschreven in dit proefschrift toont aan dat in huidcoupes van
allergische of irritatieve aangedane huid 72 uur na aanbrengen van het allergeen of
irritans verhoogde expressie van IL-le, IL-18, TNF-o, IL-2, IL-4, IL-10 en IFN-y te
vinden is, terwijl in de normale huid van deze patienten de expressic van TNF-a, IL-2,
iL-4 en IFN-y in de huidcoupes bijna negatief is, Er is wel expressie van IL-1¢ en IL-
18 in de epidermis in normale huid. Omdat na kwantiticeren van het aantal cytokine
producerende cellen geen significante verschillen gevonden werden tussen allergische
en irritatieve contact dermatitis geeft deze ontwikkeling aan dat de betreffende
cytokinen op zichzelf geen bruikbare differentiatie markers zijn, Daarentegen, laten de
ratios van frequenties van verschillende cytokine producerende cellen zien (IL-4:1L-
10:IL-18) dat het differentiatie probleem mogelijk wel oplosbaar is.

Omdat CD40 kan worden aangetoond op humane Langerhans cellen, CD40 ligand
verhoogd tot expressie wordt gebracht op T-cellen in zowel humorale als cellulaire
afweerresponsen en beide celtypen een belangrike rol spelen in allergische
huidreacties hebben wij de functionele rol van de CD40 ligand-CD40 interactie in
allergische huidreacties in de muis bestudeerd. De resultaten van dit onderzoek geven
aazn dat CD40 ligand en CD40 zowel in muize als in humane ailergische huidreacties
tot expressie wordt gebracht, maar dat daarentegen geen functionele rol van de CD40
ligand-CD40 interactie in de allergische huidreactie is gevonden. Hiervit blijkt dat op
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basis van CD40 ligand expressie in allergisch en irritatief aangedane huid
waarschijnlijk geen differentiatie mogelijk is tussen beide typen.

Keuze van model

Het ideale testsysteem of experimenteel model om de gevoeligheid en predispositie

van een gegeven persoon voor een bepaalde allergische stof op te sporen moet aan
cen aantal voorwaarden voldoen. Bij voorkeur dient met humaan materiaal of met
een gehumaniseerd proefdier-systeem, dat voor de mens relevante informatie geefl,
gewerkt te worden, In een ideaal model zullen alle drie de fases van de
afweerrespons, herkenning van het antigeen, activatie en differentiatie van lymfocyten
en de uiteindelijke effectorfase, vertegenwoordigd moeten zijn,
In een dierexperimenteel model ter voorspelling van de gevoeligheid van een gegeven
persoon voor een allergeen moet het mogelijk zijn om zowel gedurende een langere
periode evenals met relatief tage doses, én via de "natuurlijke route" te werken. Het
grootste probleem bij validatie van dergelijke tests is de relevantie ervan voor de
mens.

Nieuwe benaderingen bij de ontwikkeling van proefdiermodellen en research
technicken waarmee de extrapolatieproblematiek dier-mens vooral ten aanzien van
effecten van lichaamsvreemde stoffen op het afweersysteem en de gevolgen daarvan
op de huid mogelijke ondervangen kan worden, zijn: immunodeficiénte muizen, De
naakte muizen bezitten geen thymus en dus geen T-cellen en de SCID muizen
bezitten geen functionele T en B-cellen. Dit maakt deze muizen bij uitstek geschikt
voor transplantatie studies en reconstitutie met humaan lymfoid weefsel. Het testen
van de effecten van allergische stoffen op humane huidtransplantaten, bij muizen die
gereconstitueerd zijn met humaan lymfoid weefsel, kan als een bijna volledig

gehumaniseerd testsysteem gezien worden (full house mouse).

De studies beschreven in dit proefschrift, met betrekking tot de ontwikkeling van
cen contact dermatitis model, zijn grotendeels gericht op het vermogen van humane
cellen in het huidtransplantaat om de allergische stof op te nemen en te transporteren
naar de drainerende lymfklier. Daarnaast worden in dit proefschrift de resultaten van
het transplanteren van humaan allergisch aangedane huid op muizen beschreven met
betrekking tot het vermogen om in deze iransplantaien opnieuw een allergische
reactie op te wekken. Hoewel de humane Langerhans cellen in een humaan huid
transplantzat het allergeen kunnen opnemen en dit kunnen transporteren naar de
drainerende lymtklier van de muis, blijft dit vermogen beperkl fot enkele weken na
transplantatie. Deze resultaten samen met de bevindingen met betrekking tot het
transplanteren van allergisch aangedane huid waarin veel essentiéle humane ken-
merken verloren gaan bevestigen het vermoeden dat het ontwikkelen van een humaan
ex vivo contact dermatitis model niet makkelijk is en nog veel onderzoek vereist.



Samenvalling 149

Inhoud van het proefschrift

In hoofdstuk 1 wordt het doel van de studies in dit proefschrift besproken en wordt
uitgetegd welke experimentele benadering er wordt gebruiki.

In hoofstuk 2 wordt een overzicht gegeven van de bestaande detectie methoden om
cytokinen in humaan weefsel aan te tonen. De mogelijkheid om met deze techniek
verschillende vraagstellingen te beantwoorden is getest in de tonsil. De nadruk ligt op
de localisatie van cytokine en antilichaam producerende cellen in de verschillende
compartimenten van de tonsil.

In hoofdstuk 3 worden de cytokine-proficlen in allergische en irritatieve contact
dermatitis beschreven.

Hoofdstuk 4 beschrijft de rol van CD40 ligand en CD40 in allergische huidreacties
in de muis en in de mens en relateert de verkregen data aan de mogelijkheid om
CD40 ligand als differentiatie marker tussen allergische en irritatieve contact
dermatitis in de mens te gebruiken,

De resultaten verkregen met betrekking tot het humane-huid-op-immunodeficiénte-
muis model zijn heschreven in hoofdstuk 5. Informatie over het vermogen tot antigeen
opname en migratie van antigeen-dragende Langerhans cellen (hoofdstuk 5.1) en het
vermogen van het opwekken van een allergische huidreactie (hoofdstuk 5.2) wordt
gegeven.

In de algemene discussie in hoofdstuk 6 worden de belangrijkste punten die uit de
verschillende studies naar voren komen besproken.
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ABBREVIATIONS

ACD allergic contact dermatitis

AEC 3-amino-9-ethylcarbazole

AFC antibody-forming cells

AP alkaline-phosphatase

APAAP phosphatase-anti-alkaline-
phosphatase

APC antigen presenting cell

bp base pair

BCIP 5-bromo-4-chloro-3-indolyl-
phosphate

BSA hovine serum albumine

C crypt

CD cluster of differentiation

¢DNA  complementary DNA

cRNA  complementary RNA

CPC cytokine-producing cell

DAB 3,¥-diaminobenzidine

DEPC  diethyl pyrocarbonate

DNA deoxyribonucleic acid

DNCB  24-dinitrochlorobenzene

DNP 2,4-dinitrophenyl

DTH delayed-type hypersensitivity

EFA extrafollicular area

ELAM  endothelial cell leukocyte
adhesion molecule-1

Fab anligen-binding fragment

FDC follicular dendritic cell

FITC fluorescein isothiocyanate

GC germinal centre

GM-CSF granulocyte-macrophage colony
stimulating factor

£p glycoprotein

h hour

HEV high endothelial venules

HIV human immunaodeficiency virus

HLA human leukocyte antigen

HRP horseradish-peroxidase

Hu human

ICAM  intracellular adhesion molecule

ICD
1DC
IFN
Ig
IL

ip.
LPS

MAb
MF
MHC
min
MNC
MoAb
mRNA
MZ
NBT
PAP
PBMC

PBS
PF
PVP

RITC
RNA

SALT
SCID

sD
SEM
SF
SCLE
TBM
TGF
Th
TNF
TNP

ircitant contact dermatitis
interdigitating cell

interferon

immunoglobulin

interleukin

intraperitoneal

keyhole limpet hemocyanin
lipopolysaccharide

microfold

monoclonal antibody
macrophage

major histocompatibility complex
minutes

mononuclear cells
monoclonal antibody
messenger RNA

mantle zone

nitro blue tetrazolium
peroxidase-anti-peroxidase
peripheral blood mononuclear
cells

phosphate buffered saline
primary follicle

polyvinyl pyrrolidone
rabbit-anti-mouse

rhodamin b isothiocyanate
ribonucleic acid
skin-associated lymphoid tissue
severe combined immune
deficiency

standard deviation

standard error of the mean
secondary follicle

subacute lupus erythematosus
tingible body macrophages
transforming growth factor
helper

tumor necrosis factor
trinitrophenyl






153

DANKWOORD

Vier jaar onderzock in samenwerking met veel gemotiveerde mensen heeft geleid
tot de totstandkoming van dit proefschrift, Tot deze groep van mensen behoren
natuurlifk ook al die personen die een stukje huid hebben afgestaan voor onderzoek.
Deze mensen wil ik hiervoor hartelijk danken.

Eric Claassen en Wim Boersma wil ik allebei heel erg bedanken voor hun
begeleiding en het "kritisch nakijken" van de manuscripten,

Wilfied Notten wil ik bedanken voor de ruimte geboden om in het kader van zijn
leerstoel aan het Instituut Arbeid en Gezondheid van de Erasmus Universiteit binnen
de Divisie Immunclogische en Infectie Ziekten TNO Preventie en Gezondheid het
promotie onderzoek te verrichten,

Theodoor van Joost van de Afdeling Dermato-Venereologie, Dijkzigt Ziekenhuis
Rotterdam dank ik voor de medewerking aan het patiéntgebonden onderdeel
beschreven in dit proetschrift.

Enthousiaste collega’s zijn onmisbaar! Daarom waardeer ik de collegiale steun van
alle I&I'ers enorm. Marjan van Meurs en Louis Ribbens bedank ik voor hun zeer
waardevolle hulp en meedenken. De stagiaires Ellen van 't Erve, Marjon Roggeveen
en Hans-Pieter Balk bedank ik voor hun vruchtbare bijdragen.

De medewerkers van de fotografie en dierverzorging van het oude MBL-TNO in
Rijswijk wil ik bedanken voor het prima vakwerk wat zij hebben verricht,

En tenslotte bedank ik Erik, mijn familie en vrienden voor hun steun en interesse.

; )] [ A (:
g whn (A !
{Lwa ',:’1/\(,'.. U\—’ (‘ /{JL{' (i

) O
{( ooVt






155

CURRICULUM VITAE

Saskia Hoefakker werd op 13 januari 1966 geboren te Nijmegen. In 1985 werd het
VWO-diploma behaald aan het Elshof College te Nijmegen. In datzelfde jaar startte
zij met de studie (Medische} Biologie aan de Katholieke Universiteit te Nijmegen.
Binnen de deelspecialisaties immunopathologie en dierfysiologie heeft zij haar stages
vervuld. De stage bij de vakgroep immunopathologic op de Afdeling Pathologische
Anatomie van het Radboud Ziekenhuis te Nijmegen omvatte de immunologische
karakterisering van het tumorprogressie antigen PAL-M1 (onder verantwoordelijkheid
van prof. dr. D.J. Ruiter en onder begeleiding van dr. G.N.P. van Muijen). Haar
dierfysiologie stage werd afgerond binnen de R&D-organisatie, Organon in Oss, In het
NOD-muizenmodel werd in wive het effect van hormoon-afgeleide steroiden op
autoimmuunparameters bestudeerd (onder veraniwoordelijkheid van prof. dr. S.E.
Wendelaar Bonga K.U, Nijmegen en onder begeleiding van dr. H.A.M. Verheul,
Organon, Oss). Als vervolg op deze laatste slage heeft zij gewerkt binnen de groep
van dr. A. Cooke aan de University College and Middlesex School of Medicine te
Londen aan het effect van dezelfde steroiden in de NOD muis op de cytokine
productie in vitro, In de periode 1990-1995 werd, gedetacheerd vanuit het Instituut
Arbeid en Gezondheid van de Erasmus Universiteit te Rotterdam, bij de Divisie
Immunologische en Infectie Ziekten van TNO Preventie en Gezondheid te Leiden,
onder dagelijkse leiding van prof. dr. E. Claasssen en dr. W.J.A. Boersma, het
onderzoek verricht dat geleid heeft tot dit proefschrift. Tijdens dit onderzoek heeft zij
de Post-doctorale Opleiding Toxicologie gevolgd. Vanaf 1 september 1995 is zij
wetenschappelijk-staflid bij het Secretarinat van de Gezondheidsraad te Den Haag.






157

PUBLICATIONS

1

van Muijen G.N.P,, Ruiter D.J., Hoefakker S, and Johnson J.P. Monaclonal
antibody PAL-M1 recognizes the transferrin receptor and is a progression marker
in melanocytic lesions. /. favest. Derntatol, 95: 65-69, 1990,

Hoefakker S., Erve van 't E.H.M,, Boersma W.JLA., Notten W.R.F,, van Joost Th,
and Claassen E. Enhanced IL-le, IL-2, TFN-y and TNF-¢ in allergic contact
dermatitis in human skin: an in situ immunohistochemical study, In: New advances
on cytokines. 8. Romagnani, T.R. Mosmamn and AK  Abbas (Eds.), Serona
Symiposia Publications, Raven Press, Vol 92, 334-340, 1992,

Hoefakker S., van 't Erve E.H.M., van Joost Th., Notten W.R.F. en Claassen E.
Testsysteem voor toxische effecten op de huid. Toegepaste Wetenschap 1: 39-41,
1992,

Hoefakker S., van 't Erve BE.H.M,, Deen C, van den Eertwegh AJ.M, Boersma
W.JA, Notten W.RF. and Claassen E. Immunochistochemical detection of co-
localizing cytokine and antibody producing cells in the extrafollicular arca of
human palatine tonsils, Clin. Exp. Immunol. 93: 223-228, 1993

Hoefakker 8., Caubo M,, van ’t Erve E.H.M,, Roggeveen M.J., Boersma W.J.A,
van Joost Th,, Notten W.R.F. and Claassen E. fur vivo cytokine profiles in allergic
and irritant contact dermalitis, Contact Dermatitis (in press).

Hoefakker S., Batk H.P.,, Caubo M., Boersma W.J.A, van Joost Th., Notten
W.R.F. and Claassen E. Migration of human antigen presenting cells in contact
sensibilization in a hwman-skin-graft-onte-nude-mice model. Inmunclogy 86: in
press, 1995,

Hoefakker S, Boersma, W.J.A, and Claassen E. Detection of human cytokines i
sit using probe and antibody based methods. J. Jmmunol. Methods 185: 149-175,
1995,

Hoefakker 8., van Meurs M,, Ribbens L.G., Boersina W.JLA,, Notten W.R.F. and
Claassen E. Functional role of CD40 ligand-CD40 interaction in antigen specific
antibody production, but not in Delayed-Type Hypersensitivity, after skin exposure
to contact allergen {subniitted)



158

10

11

12

Hoefakker S, van Meurs M, Ribbens L.G., Persoon-Deen C., Boersma W.J.A,,
van Joost Th,, Notten W.RF, and Claassen E. The /N S/TU Expression of 1L-18,
IL-4 and IL-10 in Human Allergic and Irritant Contact Dermatitis: implications
for differentiation (submitted)

Hoefakker 8., van Meurs M, Ribbens 1.G. Notten W.RF, van Joost Th,
Boersma W.UJ.A. and Claassen E. The fate of human allergic affected skin after
transplantation onto immune-deficient mice: an immunohistochemical study
(submiited)

Verheul HAM, Verveld M,, Hoefakker S. and Schuurs A.HW.M, Effects of
ethinylestradiol on the course of spontancouns autoimmune disease in NZB/W and
NOD mice. Immunopharmacol. Immunotoxicol. 17: 163-180, 1995.

Dolhain RJ.EM., ter Haar N.T.,, Hoefakker S, Tak P.P,, de Ley M., Claassen E.,
Breedveld F.C. and Miltenburg AM.M. Increased expression of TFN-gamma-
receptor in the rheumateid synovial membrane compared with synovivm of
patients with osteoarthritis, (submitted)









	IN SITU CYTOKlNE ANALYSIS IN HUMAN CONTACT DERMATITIS: IMPLICATIONS FOR A DIFFERENTIATION MARKER AND AN EX VIVO HUMAN CONTACT DERMATITIS MODEL = IN SITU CYTOKTNE ANALYSE IN CONTACT DERMATITIS IN DE MENS: IMPLICATIES VOOR EEN DIFFERENTIATIE MARKER EN EEN EX VTXO CONTACT DERMATITIS MODEL VOOR DE MENS
	CONTENTS
	1 - Introduction
	1.1 GENERAL INTRODUCTION
	1.2 AIM OF THE STUDY AND INTRODUCTION TO THE CHAPTERS

	2 - The in situ approach
	2.1 - Detection of human cytokines in situ using antibody and probe based methods.

Hoefakker S, Boersma WJ, Claassen E.

J Immunol Methods. 1995 Sep 25;185(2):149-75. Review. No abstract available. 
PMID: 7561126 [PubMed - indexed for MEDLINE]
	2.2 - Immunohistochemical detection of co-localizing cytokine and antibody producing cells in the extrafollicular area of human palatine tonsils.

Hoefakker S, van 't Erve EH, Deen C, van den Eertwegh AJ, Boersma WJ, Notten WR, Claassen E.

Clin Exp Immunol. 1993 Aug;93(2):223-8.
PMID: 8348748 [PubMed - indexed for MEDLINE]Free PMC ArticleFree text

	3 - In situ cytokine profiles in contact dermatitis
	3.1 - Enhanced IL-Ja, IL-2, IFN-y, and TNF-a production in allergic contact
dermatitis in human skin: an in situ immunohistochemical study
In: New advances 011 cytokilles. S. Romagnalli, I:R. Mosmalln and A.K. Abbas
(Ij·ds.), Serona Symposia Publicatiolls, Raven Press, Vol. 92, 334-340, 1992.
	3.2 - In vivo cytokine profiles in allergic and irritant contact dermatitis.

Hoefakker S, Caubo M, van 't Erve EH, Roggeveen MJ, Boersma WJ, van Joost T, Notten WR, Claassen E.

Contact Dermatitis. 1995 Oct;33(4):258-66.
PMID: 8654078 [PubMed - indexed for MEDLINE]
	3.3 - III situ expression of IL-lB, IL-4 and TL-l 0 in human allergic and in·itant contact
dermatitis: implications for differentiation

	4 - Functional role for CD40 ligand-CD40 interaction inantigen specific antibody production, but not in Delayed-Type Hypersensitivity, after skin exposure to contact allergen
	5 - Ex vivo contact dermatitis model
	5.1 - Migration of human antigen-presenting cells in a human skin graft onto nude mice model after contact sensitization.

Hoefakker S, Balk HP, Boersma WJ, van Joost T, Notten WR, Claassen E.

Immunology. 1995 Oct;86(2):296-303.
PMID: 7490132 [PubMed - indexed for MEDLINE]Free PMC ArticleFree text
	5.2 - The fate of allergic affected skin after transplantation onto immune deficient mice

	6 - General Discussion
	SUMMARY
	SAMENVATING (ook voor de niet-immuun/toxicoloog)
	ABBREVIATIONS
	DANKWOORD
	CURRICULUM VITAE
	PUBLICATIONS

