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Summary Allergic contact dermatitis (ACD) is a T-cell mediated skin 
inflammation caused by repeated skin exposure to contact allergens. 
This review summarizes current knowledge on the immunology of ACD. 
Different phases in ACD are distinguished, i.e. sensitization, elicitation 
and resolution phases. We discuss contact allergen presentation and 
the central role of antigen presenting cells during sensitization phase. 
There is an extremely complex interaction of different kinds of immune 
cells, such as antigen presenting cells, T, B, NK lymphocytes, keratino-
cytes (KCs), endothelium, mast cells (MCs) and platelets, and this com-
plex interaction is guided through orchestration of numerous cytokines 
and chemokines. The role of adaptive immunity has been recognized in 
contact hypersensitivity but we also discuss the important role of some 
parts of innate immunity such as natural killer T lymphocytes (NKT) and 
complement system. Cooperation of innate and adaptive immunity, in 
this case NK cells and B cells, initiates elicitation phase by complement 
cascade activation, vasoactive substance release and endothelial acti-
vation. KCs are not only innocent bystanders, on the contrary, they are 
involved in all phases of ACD, from the early phase of initiation through 
sending “danger” signals and activation of innate immunity, through 
their role in Langerhans cells (LCs) migration, T-cell trafficking, through 
the height of the inflammatory phase with direct interactions with epi-
dermotropic T-cells, and finally through the resolution phase with the 
production of anti-inflammatory cytokines and tolerogenic presenta-
tion to effector T-cells. Th-1 and Th-17 cells are the main effector cells 
responsible for tissue damage. At the end, we point out several subsets 
of T regulatory cells, which exert down-regulatory function and regulate 
the magnitude and duration of inflammatory reaction.

Key words: contact allergic dermatitis, immunology, CD8+ cells, con-
tact allergen, hapten

Introduction
Skin as the outermost barrier of the human body 

is the first one to encounter chemicals and physical 
factors. Two types of contact dermatitis are distin-
guished: irritant (CD) and allergic contact dermatitis 
(ACD). ACD is T-cell mediated inflammation of the 

skin caused by repeated skin exposure to haptens in 
a sensitized individual (1). ACD requires specific ac-
quired immunity, leading to the development of ef-
fector T cells, which mediate skin inflammation (1). 
Two temporally and spatially dissociated phases in 
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the pathophysiology of ACD are distinguished: sen-
sitization and elicitation. Recently, significance of 
the third, resolution phase has been revealed, dur-
ing which the restitution of skin occurs (1). Dendritic 
cells (DCs) have a central role in the pathophysiol-
ogy through antigen presentation and specific T-cell 
priming. DCs are the only antigen-presenting cells 
capable of activating naïve T lymphocytes; hence 
they play a crucial role in the induction of adap-
tive immunity. This results in the creation of specific 
memory effector T cells, which are redistributed from 
lymph nodes to circulation and prepared to act in 
case of antigen challenge (1). Innate immune system 
is also involved with an important role of natural killer 
T cells (NKT) and complement system cascade. NKT 
cells are the first cell subset activated by “danger sig-
nals” delivered from damaged KCs (1). KCs are not an 
innocent bystanders; they are actively involved in all 
phases of ACD, from the early phase of initiation and 
sending first “danger” signals and activation of innate 
immunity, their role in LC migration, T-cell traffick-
ing, through antigen presentation during elicitation 
phase, and finally through resolution phase with the 
production of anti-inflammatory cytokines and their 
role in diminishing the severity of the reaction (2-5). 

SENSITIZATION PHASE
The sensitization phase (also referred to as afferent 

phase) of ACD occurs after the contact of the hapten 
and the skin, and lasts for 8-15 days in humans (6,7). 
This first phase of ACD usually has no clinical conse-
quences, but in some cases may present as primary 
acute ACD (7). 

Contact allergens (haptens) 

All contact allergens share some common fea-
tures; they have low-molecular weight (<500 kDa), 
they are not immunogenic by themselves, and they 
need to bind to epidermal proteins to form hapten-
protein complex which is actually immunogenic (1,6). 
Most of the haptens have lipophilic residues enabling 
them to cross the barrier, and electrophilic residues, 
which form covalent bond to the nucleophilic resi-
dues of cutaneous proteins (1,8,9). Hapten-protein 
conjugates are formed via covalent hapten bindings 
to specific aminoacids of protein carriers (1). Binding 
to aminoacids causes modification of skin proteins 
and allows for presentation of new antigenic deter-
minants (1). The majority of contact allergens are not 
electrophilic and need additional metabolization in 
vivo (1,9). Transformation from prehaptens and pro-
haptens occurs upon chemical reactions (oxidation) 
or due to enzyme activity. Some prehaptens are 

transformed by UV radiation (1,9). Skin has numer-
ous detoxication enzymes which can modify chemi-
cal structure and lead to accumulation of hydrophilic 
derivatives, which are more easily eliminated from 
the body (1,10). Haptens are classified into strong 
and weak haptens. Strong haptens (such as dinitro-
fluorobenzene) cause reaction in the majority of in-
dividuals, while weak haptens are most frequently 
encountered in humans but cause reaction in a small 
proportion of individuals (1,6). There is a major differ-
ence between reaction to strong and weak haptens: it 
has been observed that in reaction to strong haptens 
CD4+ cells do not prevent priming, but participate in 
the resolution of skin inflammation, whereas in reac-
tion to weak haptens CD4+ regulatory cells totally ab-
rogate the CD8+ cell priming (1,6,11). The inability of 
weak haptens to sensitize normal individuals may be 
due to their low irritant/toxic properties (11). Haptens 
have two important characteristics, proinflammatory 
properties and immunogenicity (1,7). Their proin-
flammatory properties provide the first signal that is 
necessary in innate immunity activation resulting in 
DC activation, migration and maturation. Their im-
munogenicity depends on hapten-protein complex 
presentation in the groove of the MHC class I/II mol-
ecules on DC (6). 

The role of antigen-presenting cells (APC)
Primary function of antigen-presenting cells (APC) 

is to capture, process and present antigens (Ags) to 
unprimed T cells (12-14). APCs are a heterogeneous 
population of cells defined by their ability to pres-
ent antigens (12). DCs have monocytic origin. Imma-
ture DCs reside in non-lymphoid tissues. They form a 
dense network in the skin and capture haptens pen-
etrating skin barrier. Until recently, it has been be-
lieved that DCs migrate to lymph nodes where they 
lose their antigen-processing activity and mature 
to potent immunostimulatory cells, but today we 
know that migratory DCs transfer antigen to a lymph 
node-resident DC population for efficient T cell prim-
ing (12,15,16). There are three main DC populations 
in non-inflamed skin during steady state: epidermal 
Langerhans cells (LCs), dermal myeloid DCs (dDCs), 
and dermal plasmacytoid DCs (pDC). During inflam-
mation, another population of dermal DC occurs, “in-
flammatory” DCs (12). 

LCs are epidermal MHC class II DCs specialized in 
antigen presentation and reside in the suprabasal 
layers of the epidermis, close to KCs (6,12,13). They 
typically have Birbeck granule (with still unknown 
function), Langerin (CD207), which is a membranous 
C-type lecithin with the function of recognition of 
mannosylated ligands found on the surface of virus-
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es, bacteria, fungi and protozoa (12). Today, the role of 
LC is considered controversial (1,12). Until recently, it 
was assumed that LCs processed antigens locally and 
migrated to lymph node for efficient Ag presentation, 
but today it is believed that LCs have the role in induc-
ing and maintaining tolerance to cutaneous antigens 
(1,12). It has also been shown that ACD response was 
not completely abrogated despite full ablation of LCs, 
indicating that several types of DCs are involved in T-
cell priming. Also, it has been shown that removal of LCs 
during the effector phase of ACD in mouse increased 
the magnitude of inflammatory response (1,17). 

Dermal myeloid DCs are a population of DCs re-
siding in the dermis and are considered analogous to 
interstitial DCs found in connective tissues/stroma of 
other organs (12). They are able to take up Ags, ma-
ture and migrate to draining local lymph nodes and 
present them to B and T cells (12). Recent data sug-
gest that migratory DCs transfer Ags to resident DCs 
in lymph node for efficient T-cell priming (12,15). It 
is important to point out that some of dDCs can be 
Langerin+ (12). Therefore, Langerin is definitely not a 
specific marker for LCs, and it is apparent that vari-
ous DC subsets express Langerin, notably a particular 
dermal DC subset, which must not be confused with 
epidermal LCs during their migration to lymph nodes 
(1). dDCs have a major role in sensitization, and there 
is evidence that Langerin+ dDCs can mediate sensiti-
zation in the absence of LCs (1,12). It has been shown 
that Langerin(-) dDCs could have an important role in 
the induction of ACD (1,12). 

pDCs are a unique group of resident cutaneous 
DCs. While both mDCs and pDCs express high levels 
of HLA-DR and have Ag-presenting capacity, pDCs 
are characterized by their ability to produce large 
amounts of type-1-interferon (IFN) (12). 

DCs respond differently to haptens and irritants 
with their production of cytokines and expression 
of co-stimulatory molecules (13,18-20). Fully mature 
DC shows high expression of MHC class II and co-
stimulatory molecules (CD40, CD80, CD86) and also 
a decreased capacity to internalize antigens (16-20). 
Up-regulation of CD83 (a specific marker of DC matu-
ration) also occurs and it has been shown that many 
inflammatory signals can induce DC maturation (16). 
MHC II is constitutively expressed on LC, and expres-
sion of these molecules is strongly up-regulated by 
haptens and not irritants (20). DC maturation can 
induce cytokines such as interleukin (IL)-1β, tumor 
necrosis factor (TNF)-α, CD40 ligation, expression 
of IL-12, viral RNA, lipopolysaccharides and contact 
sensitizers (16-19). Protein haptenization triggers 
maturation of DC, probably due to reactive cysteine 

residues and p38 activation. This process is primarily 
mediated by the activation of p38 mitogen-activat-
ed protein kinase (MAPK) and is caused by intracel-
lular redox imbalance induced by contact allergens 
(21,22). Although MAPK may play a crucial role in the 
activation of DCs, the upstream signals of p38 MAPK 
remain undetermined (22). 

Migration occurs due to the expression of several 
families of adhesion molecules, such as E-cadherins, 
some β-1-integrins, CD44 isoforms and chemokines 
(6,23-26). IL 1-β and TNF-α both have a role in LC mi-
gration to lymph nodes (27). IL-1α, IL-1β and TNF-α 
levels are increased in contact-allergen sensitized 
skin. IL-1α is mainly produced by KCs, whereas IL-1β 
is mainly produced by LC, and both IL-1α, IL-1β can 
promote LC migration (27). IL-1α is mainly involved 
in contact allergen-specific-priming, while IL-1β is in-
volved in contact allergen-specific antibody produc-
tion (27). During migration to lymph nodes, DCs up-
regulate co-stimulatory molecules on their surface, 
produce IL-12 and polarize to Th-1/Tc1 (CD8+)-induc-
ing DC phenotype and after the maturation is com-
pleted, DC prime hapten-specific naïve T cells in the 
IL-12 dependent manner (13,23). IL-12 is considered 
to be important in the generation of allergen-specific 
T cell response (23). Other surface molecules that are 
also expressed after the hapten intake are ICAM-1(CD 
54) and B7-2 (CD86) (20). IL-1 produced by APC plays 
a crucial role in Ag-specific T cell priming and clonal 
expansion, and is necessary for the induction of CD40 
ligand on naive T cells (28).

The role of Toll-like receptors: are there 
similarities between contact and micro-
bial antigens? 
The skin is constantly exposed to potential aller-

gens as well as to microbial environmental flora (23). 
There is a striking similarity between contact aller-
gens and microbial constituents that are sensed by 
Toll-like receptors (TLR) and activation of NF-ĸB and 
MAPKs (29). Inflammatory reaction in ACD resembles 
inflammatory reaction to microbial pathogens. There 
is evidence that Toll-like receptor 4 (TLR4) has a role in 
the induction of ACD, which occurs in IL-12-indepen-
dent pathway (23). It has also been shown that TLR4 
and IL-12 can replace each other during ACD induc-
tion, and the loss of IL-12 function leads to enhanced 
allergic response, mediated by TLR4. This augmenta-
tion may be explained by the loss of IL-12 inhibitory 
effect on IL-17-producing CD8+ cells participating in 
elicitation phase of ACD (23,30). The exact role of TLR4 
is not fully understood, but it seems that TLR4 might 
be required for the induction of cytokines in DC with 



54 ACTA DERMATOVENEROLOGICA CROATICA

impaired IL-12 function. It has also been shown that 
TLR9 (receptor for microbial DNA for certain viruses 
and bacteria) can take place of TLR4 and it is possible 
that infections may provide TLR ligands that support/
replace TLR4 function during sensitization to contact 
allergens (23). A possible candidate cytokine induced 
by TLR4 activation is IL-23 (a member of IL-12 family). 
IL-23 (like IL-12) participates in DC activation and en-
hances hypersensitivity reaction (23). IL-23 stimulates 
(while IL-12 inhibits) IL-17-producing CD8+ cells. TLR2 
is important for Th-1 response to cutaneous antigens. 
Skin is colonized with bacteria, which can be the 
source of TLR2 ligands (23). TLR2 promotes the IFN-
γ response to cutaneously introduced antigens (31). 
There is also evidence that NKT production of IL-4 is 
TLR-dependent and that it has a role in the initiation 
of contact sensitivity (32). Recent study data provide 
evidence that heat shock proteins (HSP27 and HSP70) 
form a link between adaptive and innate immunity 
during early stages of contact sensitivity. Their interac-
tion with TLR4 increases the production of cytokines 
known to enhance Ag presentation by T cells (33). 

Hapten specific T cell activation requires 
three signals
Immature DCs sample and process Ags and once 

activated become capable of activating naïve T cells 
and directing their differentiation and polarization to 
different types of effector T lymphocytes. This occurs 
in three steps. Hapten determinants provide the first 
necessary signal in T cell activation (Fig. 1). Specific 
antigen recognition occurs after the interaction of 
T cell receptor (TCR) and hapten-peptide complex 
presented by MHC molecule (1). T cells react with 

MHC-associated peptides, not with covalently modi-
fied MHC molecules. TCR interacts with hapten and 
partially with MHC molecule (1). It is likely that some 
haptenated proteins are endocytosed, processed and 
presented by MHC II. External antigens are endocy-
tosed and processed on MHC II class molecules to 
CD4+ cells, while internal cytoplasmic antigens are 
processed by endogenous pathway and presented 
on MHC I class molecules to CD8+ cells. External an-
tigens can also enter the endogenous pathway and 
this refers to contact sensitizers, viral antigens, drugs 
and auto-antigens (34). Haptens are also able to in-
teract directly with peptides which are already in the 
groove of MHC II and MHC I molecules, and CD8+ and 
CD4+ could be activated in the lymph nodes by skin 
DC expressing haptenated peptides (34). There are dif-
ferences between delayed type reaction to proteins 
and cellular antigens, proteins are presented by MHC II 
and the former by MHC I (34, 35). Liposoluble haptens 
can penetrate the cytosol of DC and bind to cytoplas-
mic proteins, and follow the endogenous pathway re-
sulting in MHC class I-restricted antigen presentation. 

DCs deliver the second necessary signal in the 
activation of specific T cells with co-stimulatory mol-
ecule expression (1,35) (Fig. 1). Important co-stimu-
latory molecules expressed by DCs are members of 
the B7 family: B7-1 (CD80), B7-2 (CD86) and CD40 (1, 
35-39). CD80 and CD86 interact with T-cell molecules 
CD28 and CTLA-4 (CD125). CD28 is constitutively ex-
pressed on naïve T cells (1). During maturation, DCs 
up-regulate CD80 and CD86 expression, and it seems 
that CD86 is the principal ligand for CD28 involved 
in second signal. CD28 ligation is mandatory for the 
development of ACD (1). B7-1(CD 80) and B7-2 (CD 
86) deliver different co-stimulatory signals to T cells 
during antigen presentation. Data suggest that KC-
derived co-stimulation mediated by B7-1 (not B7-2) 
results in the emergence of Th-2-lymphocyte im-
mune responses to Th-1 haptens. It has been noted 
that human KCs express B7-1-like molecules in cer-
tain inflammatory skin diseases and this may be im-
portant in understanding the pathophysiology of Th-
2-lymphocyte-mediated skin diseases (39,40).

The interaction between a member of TNFR su-
perfamily ligand OX-40L and OX-40 (CD 134) ex-
pressed by activated T cells induces CD80 and CD86 
overexpression on DCs and therefore better T cell ac-
tivation (1,28,41). Some others pairs of co-stimulatory 
molecules also participate in T cell activation, such 
as those from TNF/TNF receptor family: CD40/CD40 
ligand and RANK/RANK ligand. These interactions re-
sult in up-regulation of OX-40 ligand on DCs (1). 

APCs present Ag in complex with MHC II mol-
ecules to naive T cells resulting in CD154 expression 

Figure 1. Three necessary signals in hapten specific activa-
tion.
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on T cells, with the final result of co-stimulatory ac-
tivity expression on APCs. At this time, co-stimulatory 
signal is received by T cells via CD28/CTLA-4 inter-
action resulting in complete T cell activation. Tight 
regulation of this interaction prevents activation of 
unwanted bystander T cells and only some T cells will 
be activated (and therefore protected against the 
autoimmune response) (42-44). T cell engagement 
of CD40 co-stimulatory molecule expressed by APCs 
is required for many T cell responses (40,42). CD154 
is a CD40 ligand and is rapidly expressed on CD4+ 
cells during cellular activation, and has a crucial role 
in CD4+ T cell dependent humoral responses. CD40/
CD154 (CD40L) interaction is involved in a broad va-
riety of immune responses: expression of adhesion 
molecules, cytokines and apoptotic mediators, and is 
found on T- and B-lymphocytes, DCs, monocytes, eo-
sinophils and basophils (43). This interaction plays a 
role in early signaling events where interactions of this 
kind are required to induce expression of co-stimula-
tory molecules on APCs (42). It can also up-regulate 
co-stimulatory molecules, activate APCs, influence T 
cell priming and T cell mediated functions, and thus 
participate in the process of chronic inflammatory 
disease and therefore governs both the magnitude 
and quality of humoral and cell-mediated immunity 
(44,45). Also, some studies have shown the role of 
this interaction in DC longevity and T cell persistence 
(46). On the other hand, the role of CD40/CD154 in-
teraction is not quite clear during the development 
of CD8+ cells, but some studies indicated that this in-
teraction might be necessary in the development of 
certain CD8+ T cell responses. It has been proven that 
development of hapten specific Th-1 effector CD4+ 
cells requires both CD40/CD154 interaction and IL-12, 
whereas the development of IFNγ producing effector 
CD8+ cells can occur independently of these path-
ways (40,47). 

In order to avoid excessive T-cell activation, criti-
cal negative signals are also delivered and involve 
couples of B7-family, such as CD80-CD86/CTLA-4. 
This interaction is a predominant inhibitory pathway 
(1). CTLA-4 has a synergistic action with PD-1, B7-H3 
or B7-H4 (1,37,38).

DCs produce cytokines and therefore provide the 
third necessary signal for T cell polarization (1) (Fig. 2). 
After DC maturation is completed, DC prime hapten-
specific naïve T cells in IL-12 dependent manner, giv-
ing rise to allergen-specific CD8+ cells which express 
skin-specific homing receptors (23). The following T 
cell differentiation depends on the type of cytokines 
secreted by DC (1,48) (Fig. 2). Their polarization can 
be driven into Th-1, Th-2 or Th-17 depending on IL-
12, IL-4, or cocktail of IL-6/IL-21/IL-23+/-TGFβ, or IL-1 

are secreted. Th-1 cells secrete IFN-γ, IL-2, TNF-α, Th-2 
cells IL-4, IL-10, IL-13, IL-5M and Th-17 cells IL-17A, IL-
17F, IL-21 and IL-22. Third signal has the essential role 
in T cell activation, and if it does not occur, activation 
of T cells fails (35,49).

The equilibrium of CD4+ and CD8+ depends on 
the identity of the allergen (23). Numerous studies 
have shown that CD8+ cells are the main effector 
cells, while CD4+ are mainly down-regulatory cells 
(34,35). Optimal activation of naive CD8+ requires sig-
nals received by CD4+ cells, but in reaction to strong 
haptens CD8+ cells do not require this help and 
CD40/CD40L involvement is unlikely (34). Ag-specific 
CD8+ cells can be induced without CD4+ help due to 
the hapten proinflammatory properties and ability to 
generate danger signals and activate DC (1,50). Some 
antigens have the intrinsic ability to induce DC matu-
ration and therefore bypass the need of CD4+ help 
via CD40 activation (34). 

Memory and effector T cells 
T cell priming results in the formation of Ag-spe-

cific T cells. As the result, short-lived effector T cells 
and long-lived memory T cells are generated that 
reach peripheral tissue in order to participate in im-
mune responses and immune surveillance. Reloca-
tion of effector and memory T cells is non-random, 
due to tissue-specific “address codes” that allow for 
proper tissue homing. This process involves adhesion 
molecules, including selectins, integrins, and corre-
sponding vascular ligands as well as the large family 
of chemokines and their receptors (51). A fraction of 
primed T lymphocytes persists as circulating memory 

Figure 2. Dendritic cells elicit third signal by excreting cy-
tokines and driving T cell polarization into one of three ef-
fector T cells
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cells and can confer protection and give, upon sec-
ondary challenge, a qualitatively different and quan-
titatively enhanced response (52). 

The expression of CCR7, a chemokine receptor 
that controls homing to secondary lymphoid organs, 
divides human memory T cells into two function-
ally distinct subsets. CCR7 is characteristic of naïve 
and central memory T cells (51). The CCR7(+) cells, 
named central memory (TCM) and CCR7(-), named 
effector memory T cells (TEM), differentiate in a step-
wise fashion from naïve T cells, persist for years af-
ter immunization and allow for division of labor in 
the memory response (51). CCR7(+) cells are called 
central memory cells and re-circulate from blood to 
lymph node but they do not have the possibility to 
enter the skin. CCR7(+) cells also may act as innate 
cells after Ag-challenge due to their strong release 
of IFN-γ and CCL5, and increase the efficacy of T cell 
response (1,53). 

CCR7(-) memory cells are called effector memory 
cells and express receptors for migration to inflamed 
tissues and display immediate effector function. In 
contrast, CCR7(+) memory cells express lymph-node 
homing receptors and lack immediate effector func-
tion, but efficiently stimulate DCs and differentiate 
into CCR7(-) effector cells upon secondary stimula-
tion (52). The long-lived memory T cells are subdivid-
ed into CCR7- negative effector memory T cells and 
peripheral immune surveillance T cells. The latter are 
an extraordinarily large subset of memory T cells with 
primary residence in normal (healthy) peripheral tis-
sues (51). It appears that peripheral immune surveil-
lance T cells provide immediate protection locally at 
the site of pathogen entry (51).

Teff and Tem found in murine skin express chemo-
kine receptors (CCR4, CCR10, α4β1 integrin) and cuta-
neous lymphocyte antigen (CLA) crucial for efficient 
T-cell homing into the skin (1,54). CLA is considered 

to be homing receptor for T cells with skin tropism 
(54). It binds to E-selectin, an adhesion molecule ex-
pressed on activated endothelium as a response to the 
action of IL-1 and TNF-α (54). Interaction of CLA with 
E-selectin mediates lymphocyte adhesion (54). There 
is also evidence for the role of glycosyltransferases in 
the process of skin homing, named alpha (1, 3) fucosyl-
transferases, FucTVII and FucTIV (55). IL-12 is a relevant 
CLA inducer, since IL-12 induces synthesis of FucTVII on 
T cells undergoing naïve to memory transition (54). IL-
4, on the other hand, inhibits FucTVII expression (54).

ELICITATION PHASE 
Elicitation phase is also known as efferent or chal-

lenge phase (1,6). Upon subsequent skin contact with 
the hapten, specific T lymphocytes are activated and 
trigger inflammatory process responsible for cutane-
ous lesions (6). One of the important characteristics 
of memory CD8+ cell is their capacity to display im-
mediate effector functions following Ag re-exposure 
(53,56). This process lasts for several days and progres-
sively decreases upon physiological down-regulating 
mechanisms (6). A memory response to Ag is much 
faster than the primary response (1,6,53). Infiltration 
of hapten-specific effector and memory T cells causes 
local inflammatory response 24-72 h later (6,23). Re-
cruitment of lymphocytes into inflamed skin is a mul-
tistep process and involves recognition of vascular 
endothelial cells and extravasations (57,58). There is a 
sequentional infiltration of the skin, CD8+ cells enter 
first, and then CD4+ cells due to differential expres-
sion of homing-receptors and sequentional expres-
sion of chemokines (56-60). Th-1 cells express more 
functional ligands for E- and P-selectin than Th-2 cells, 
IL-12 is required for expression of P-selectin ligand on 
both CD8+ and CD4+(61,62). CD8+ cells infiltrate skin 
9 h after hapten re-exposure, whereas CD4+ cells are 
recruited after 24 h and this fact is associated with  

Figure 3. Effector cells during elicitation phase.
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diminishing the reaction severity (57). Secretion of Th-
2 cell attracting chemokines, such as CCL1 (I-309, CCR 
ligand) by activated Th-1 cells, or CCL22 (macrophage-
derived chemokine (MDC), CCR4 ligand) by skin cells 
might serve to recruit CCR4/CC8-expressing Th-2 cells 
for down-regulation of Th-1 mediated inflammatory 
response (63). Activated T cells produce type I cyto-
kines (IFN-γ) and activate skin resident cells resulting 
in cytokine and chemokine production with following 
recruitment of polymorphous cellular infiltrate (34). 

Very few recruited Ag-specific effector T cells need 
to be activated to produce Th-1 cytokines like IFN-γ 
and produce local inflammatory response (64). IFN-γ 
is a key cytokine in local expression of inflammation 
during the first 24 h, and this inflammation is mediat-
ed by the production of KC-derived chemokines (such 
as IP-10, MIG, I-Tac acting on CXCR3 leukocyte chemo-
kine receptors) with resulting activation of nonspecif-
ic bonemarrow-derived leukocytes and constitution 
of perivascular infiltrate (60,64). MCP-1 and RANTES 
are the dominant monocyte/macrophage chemoat-
tractants expressed during the elicitation phase (63). 
Furthermore, the lymphocyte attractant chemokines 
IP-10, MIG, MCP-1, MDC, RANTES, PARC and TARC are 
highly and differentially expressed during elicitation 
phase of ACD (63). There is an obvious redundancy 
of chemokines for monocytes and lymphocytes (63). 
IFN-γ induces MIG and IP-10 expression (63). 

Three steps during elicitation phase
Both subsets of T cells, CD4+ and CD8+, medi-

ate skin inflammatory reaction, however, more stud-
ies have shown that hapten-specific CD8+ cells can 
mediate reaction without CD4+ cells (6). CD8+ cells 
have the main effector role during elicitation phase, 
whereas CD4+ can have pathogenic and regulatory 
role. There are three steps in the development of 
elicitation phase of ACD (1). First step includes early 
recruitment of CD8+ cells and this is initiated via 
endothelial activation due to hapten-induced skin 
inflammation (1). Second step is activation of hap-
ten-specific cells, and activation of skin-resident cells 
and cytokine and chemokine production. Third step 
is arrival of leukocytes to the skin, especially macro-
phages and neutrophils, and development of clini-
cally observed reaction (1). 

Role of natural killer T lymphocytes in the 
initiation of elicitation phase (NK T cells)
After Ag challenge, innate immunity mechanisms 

are activated. NKT cells are activated within the first 
hour following sensitization and are the first-acting 
required lymphocyte subset (32,64-68). They express 

αβ-TCR, which is semi-invariant and recognizes gly-
colipids and binds some hydrophobic peptides (64). 
NKT are activated by hydrophobic substances such 
as endogenous glycolipids released from damaged 
skin during the first hour (Fig. 4). Lipid binding and 
presentation via MHC I complex results in the produc-
tion of several cytokines, mostly IL-4 and/or IFN-γ (65). 
Their activation results in prompt IL-4 production and 
this rapid IL-4 release has the crucial role in B1 cells 
activation causing migration of B1 cells to the spleen 
and lymph nodes (64,66,67) (Fig. 4). IL-4 is produced 
preferentially by hepatic NKT cells within 7 minutes of 
immunization and acts via IL-4 receptors and signal 
transducer and activator of transcription of (STAT)-6 
signaling to stimulate B1 cells (68). This early produc-
tion of IL-4 is transient and ceases in 1 h (68). 

The role of B cells, complement system, 
mast cells and platelets, and endothelial 
activation
B1 cells are activated rapidly during the first day 

after immunization (69,70). They initiate T cell elici-
tation via hapten specific IgM antibody production 
(Fig. 4 ) (69,70). Local hapten-complex binds to IgM-
antibody derived from circulation (previously pro-
duced by distant B1 cells) and this complex activates 
complement system resulting in the production of 
C5a (60). Complement system is an important com-
ponent of innate immunity and is involved in early 
protective immune responses, before acquired T or 
B cell immunity and local complement activation is 
involved in the crucial early initiating events and in 
initial T cell recruitment (71,72). Mast cells (MCs) and 
platelets express functional C5a receptor (C5aR) and 
C5a causes release of vasoactive substances such 
as serotonin (5-HT) and TNF-α (Fig. 4) (1,64,73-77). 

Figure 4. Damaged keratinocytes give the first („danger“) 
signal and activate natural killer T lymphocytes which pro-
duce IL-4 resulting in B1 activation and production of spe-
cific IgM.
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Also, C5a is chemoattractant for T cells and mac-
rophages since they express C5a receptors (C5aR) 
(71). Human platelets can initiate T cell-dependent 
responses through IgE- antibody, mediated by 5-HT 
released from the platelets in an Ag-specific manner 
(74). Blocking of the high affinity IgE receptor on MCs 
can suppress contact hypersensitivity response (75). 
In later responses, B1 cell response fades away and 
B2 cells become responsible through IgG2-mediated 
complement activation (64). Even IgE and IgG1 are 
able to activate MCs and release vasoactive media-
tors in complement-independent way (64). HT-5 and 
TNF-α release leads to local activation of endothelium 
(78,79). Endothelial activation is necessary for T cell 
recruitment and involves both Ag-nonspecific and 
Ag-specific events (60). Non-specific local irritation 
by the chemically reactive hapten can recruit T cells 
by KC activation and production of endothelium-
activating cytokines such as IL-1 and TNF-α (76,77). 
Ag-specific CS-initiating cascade occurs within 2 h of 
Ag challenge, and the participating components are 
mast cells and platelets (76).  

The role of cytokines, chemokines and 
adhesion molecules in T-cell recruitment
There is an early and a late phase of leukocyte 

recruitment. Specific T cells emigrate from lymph 
node, enter the blood and recirculate into the skin 
(34). Leukocyte adhesion to endothelium is the first 
step in their migration to tissues (79). Recruitment 
of effector cells is orchestrated by sequential and co-
ordinated release of cytokines and chemokines (1). 
Leukocytes require a series of adhesion events: roll-
ing, firm adhesion and migration into inflamed re-
gions (77,80). Memory CD45R0+ T cells express skin-
homing capabilities, and the elements that facilitate 
their tropism for the skin are different adhesion mol-
ecules, enzymes and chemokine receptors (54). 5HT 
and TNF-α released from MCs and platelets activate 
the endothelium and cause expression of adhesion 
molecules such as VCAM-1, ICAM-1, P-selectin and 
E-selectin (79). Cytokine-activated KCs are an impor-
tant source of chemotactic factors that direct the re-
cruitment of specific leukocyte populations and thus 
regulate the quality, magnitude and duration of the 
inflammatory response (80-82). Proinflammatory cy-
tokines such as IL-1 and TNF-α play a significant role 
and the reaction is very suppressed in mice deficient 
in these cytokines (1,27,77). Adhesion molecules such 
as ICAM-1, VCAM-1, E- and P-selectin on vascular en-
dothelium are up-regulated by IL-1 and TNF-α during 
elicitation phase and facilitate leukocyte rolling and 
firm adhesion at inflammatory sites (54,77,79,80,83). 
Ag-specific release of TNF-α from MCs induces VCAM-

1 and ICAM-1 expression on the luminal surface of lo-
cal endothelium at 4 h after Ag challenge (79). ICAM 
1 and VCAM-1 are believed to be involved in firm 
adhesion of rolling leukocytes on endothelial cells. 
α-integrin binds to VCAM-1 and initiates interaction 
of leukocytes with endothelial cells (79). Haptens are 
able to induce rapid expression of E-selectin, P-selec-
tin, VCAM-1 and ICAM-1 on the surface of endothelial 
cells (57). These adhesion molecules mediate rolling, 
adhesion and extravasation of leukocytes expressing 
CLA or P-selectin ligands into the skin. The interac-
tions between CLA/ E-selectin, VLA-4/VCAM-1 and 
LFA-1/ICAM are necessary for transendothelial migra-
tion of CLA+ T cells (54,84). 

Selectins are important for adhesion, tethering 
and rolling (54). Molecular mechanisms mediating 
early leukocyte recruitment are E- and P-selectin, and 
late phase has a different adhesive profile (mainly α4-
integrin) (85). CLA antigen is a ligand for E-selectin, 
an adhesion molecule that is induced on endothe-
lium under inflammatory conditions in response to 
IL-1 and TNF-α (54). E-selectin and P-selectin are re-
sponsible for the early CD4+ recruitment (within 2 h) 
and produce factors that either directly or indirectly 
modify the endothelium to permit subsequent late-
phase recruitment. Inhibition of the early recruitment 
of CD4+ cells eliminates the late response, therefore 
CD4+ cells home to skin via P-selectin and E-selectin 
within an early phase and induce the late phase re-
sponse (85). 

Chemokines are a family of proteins mainly in-
volved in cellular trafficking and therefore play an 
essential role in recruitment of leukocytes to inflam-
matory sites (53,54). Their function is to allow integrin 
recognition by their counter endothelium receptors, 
and they are responsible for lymphocyte morphology 
change during diapedesis (54). 

Effector cells are directed to skin via up-regulation 
of CCL2, CCL5, CCL20, CCL22 and CCL27 in the first 6-
12 h after hapten challenge with concomitant infiltra-
tion of mononuclear cells (1). 

TCR-engagement of effector cells induces release 
of type 1 cytokines such as IFN-γ, TNF-α, IL-4 and IL-17, 
which stimulate the secretion of IP-10 (CXCL10), CXCL-
11, CXCL9, the ligands of CXCR3, CXCl8, CCL17(TARC), 
CCL18(PARC) or of IL-1, IL-6, TNF-α, GM-CSF by KCs, 
MCs or other skin cells (82). IFN-γ is a potent inducer 
of IP-10 (IFN-γ-inducible protein 10) and plays an im-
portant role in trafficking of effector Th-1 cells to in-
flammatory sites (86).

Several chemokine-receptors have been observed 
on CLA+ T cells: CXCR2, CCR4, CCR6, CXCR3 and CCR10 
(86-91). Chemokines regulate the lymphocyte traffic 

Jurakić Tončić et al.						     Acta Dermatavenerol Croat
Immunology of allergic contact dermatitis	 2011;19(1):51-68



59ACTA DERMATOVENEROLOGICA CROATICA

in part by triggering arrest of rolling lymphocytes, 
and among a variety of chemokines CCL-2, MCP-1 
(monocyte chemotactic protein-1), CCR-2 ligand are 
important (57,92-96).

KC derived MCP-1 can recruit dendritic, LCs, mono-
cytes and memory T cells (94-96). It has also been 
shown that MCP-1 not only accelerates LC migration 
from skin to LN after sensitization with haptens but 
also up-regulates the I-Ad and B-7 expression, result-
ing in enhanced T cell activation and CHS (96). 

CCR6, a CC chemokine receptor which interacts 
with KC expressed CCL20 is expressed by epidermal 
LC and effector/memory T lymphocytes (97). CCR6 is 
critical for directing immune cell migration into the 
skin during contact hypersensitivity (97). After hap-
ten challenge, DCs increase CCR7 expression and 
decrease CCR6 expression during DC maturation and 
migration to lymph node to prime T cells. In lymph 
node, DCs can re-express CCR-6, which may play a 
role in directing them back into the circulation (97). 

Other potential receptors expressed on skin-hom-
ing T lymphocytes include CCR4 and CCR10. CCR10 
might be the most interesting chemokine due to 
the fact that CCR10 ligand CTACK/CCL27 (cutaneous 
T-cell attracting chemokine) is mainly produced by 
KCs and is up-regulated in inflammation (92). CTACK/
CCL27 is constitutively expressed by epidermal KCs 
(1). Expression of CCR10 is restricted for CLA+ CD4+ 
cells (92). CCR10 ligand CCL27 is produced by KCs in 
inflamed skin (97,98). 

TARC (the chemokine thymus and activation reg-
ulated chemokine; CCL17) is displayed by cutaneous 
vessels and triggers vascular arrest of skin homing 
memory T cells which have TARC receptor CCR4 (98). 
CTACK (CCL27) is expressed by KCs and also assists 
in recruitment of T cells to the skin (98). In chronic 
inflammatory process, CD4+ cells express E-selectin 
binding activity (a marker for skin homing memory 
cells) in lymph nodes and E-selectin (+) T cells migrate 
efficiently to TARC and CTACK. It has also been shown 
that CTACK and CCR4 can both support homing of T 
cells to the skin and one or both of them is required in 
cutaneous contact hypersensitivity (98). 

Memory CD8+ cells produce high levels of RAN-
TES protein immediately after TCR triggering. RAN-
TES is a C-C chemokine (also called C-C chemokine 
ligand 5) and binds to three receptors: CCR1, CCR3 
and CCR5 (53). Increased production of RANTES pro-
tein by CD8+ cells mainly relies on pre-stored RANTES 
mRNA (53). RANTES is a proinflammatory chemokine 
involved in chemoattraction of a number of types 
of effector cells. It acts on CD8+ cells and increases 
their IFN-γ production or their cytotoxic activity via 

up-regulation of Fas ligand. RANTES can act on im-
mature DC inducing the production of TNF-α, which 
participates in maturation of DC (53). 

CD8+ cells are the main effector T cell sub-
set in contact allergic dermatitis

Many investigators have confirmed that hapten-
specific CD8+ cells are the main effector cells (1,11). 
Two different helper T cell subsets, Th-1 and Th-17, 
mediate tissue damage and inflammation (99) (Fig. 
3). Although most recent studies have emphasized 
the major effector role of CD8+ cells, it cannot be ex-
cluded that CD4+ cells could participate appreciably 
in the inflammation (82). There are some conflicting 
results on the role of Th-2 cells; some authors indi-
cated suppressive, some enhancing or no effect (82). 
Finally, it seems that IL-10 producing CD4+ cells are 
primarily involved in the regulation of ACD. Th-1 cells 
produce high amounts IFN-γ and TNF-α, display pre-
dominant effector functions and may cooperate with 
CD8+ cells in amplifying the inflammatory response 
(82). 

Th-17 cells are the third effector T cell subset and 
produce IL-17, IL-17F and IL-22 resulting in massive 
tissue reaction due to the broad distribution of IL-
17 and IL-22 receptors in the tissue (100-105) (Fig. 
3). TGF-β, together with IL-6 and IL-21, initiates dif-
ferentiation, while IL-23 stabilizes the generation 
of Th-17 cells (105). There is evidence for the role of 
IL-23 and Th-17 in human allergic dermatitis (103). 
Th-17 cell differentiation occurs in close association 
with CD4+CD25+Foxp3+ cells with participation of 
TGF-β (104). Since TGF-β is essential for both Th-17 
and Tregs, a developmental link between these two 
subsets was suggested, but these two subsets have 
opposite functions: Th-17 cells are highly pathogenic 
during inflammatory process, whereas Tregs have a 
regulatory function (105). 

Prostaglandins, particularly prostaglandin E2 
(PGE2), have an important role during inflammation. 
It has been shown that PGE2- EP4 signaling promotes 
immune inflammation through Th-1 cell differen-
tiation and Th-17 cell expansion (100). PGE2 acts via 
prostaglandin receptor EP2- and EP4-mediated sig-
naling and cAMP pathways to up-regulate IL-23 and 
IL-1 receptor expression. While enhancing Th-17 cy-
tokine expression mainly through EP2, PGE2 differ-
entially regulates interferon (IFN)-γ production and 
inhibits production of the antiinflammatory cytokine 
IL-10 in Th-17 cells predominantly through EP4. Also, 
PGE2 is required for IL-17 production in the presence 
of antigen-presenting cells (101,102). 
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Cytotoxicity of T cells
During elicitation phase, KCs act as antigen pre-

senting cells due to the fact that MHC I molecules 
are expressed on all cells (33). It is possible that hap-
tens could be expressed as haptenated peptides by 
different skin types. Apoptosis of KC but not LC oc-
curs during the elicitation phase (57). LCs are not rel-
evant APCs during elicitation phase, but have a role 
in down-regulation (17). Although LCs are involved in 
Ag presentation during the sensitization phase, their 
role during the elicitation phase still remains unclear 
(1,12,17). In fact, they migrate away from the site of 
Ag application and this is an argument against their 
role in active participation in T cell activation (57). 

Cytotoxicity is the main characteristic of the CD8+ 
effector cells and it occurs via two independent 
mechanisms. Secretory pathway involves perforin 
and granzymes released from granules; non-secre-
tory pathway involves Fas-ligand-up-regulated acti-
vation resulting in apoptosis-induced Fas molecule 
on the target cell. The perforin/granzyme pathway 
does not need expression of specific susceptibility 
molecules on the target cell and potentially allows for 
lysis of all cells, whereas Fas/FasL mechanism requires 
Fas expression on the target cell in order to be sen-
sitive to Fas-induced apoptosis (82). Both pathways 
have been observed in contact hypersensitivity and 
absence of one mechanism can compensate for the 
other (34). Therefore, there are two types of cytotoxic 
lymphocytes (CTL): type I CTL, which kill the target 
cell through perforin/granzyme-dependent mecha-
nism and type II CTL, which require ICAM-1-derived 
signals to activate both Fas/FasL and perforin-depen-
dent pathways (82).

Fas-induced KC apoptosis caused by skin-infiltrat-
ing T cells is a major mechanism in the pathogenesis 
of eczematous dermatitis (106). It is possible that acti-
vated T cells use granule-mediated killing with perfo-
rin/granzyme, but authors could not detect perforin 
and granzyme in lesional skin of ACD (106). 

KC, under the influence of lymphocyte-derived 
cytokines such as IFN-γ and IL-17, also express MHC II 
and adhesion molecules crucial for T cell function and 
retention in the epidermis. Newly recruited activated 
CD8+ cells release IFN-γ and TNF-α, both potent KC 
activators, and promote up-regulation of ICAM-1, 
MHC II and release of CXCL-9, CXCL-10 and CXCL-11 
(1). CD8+ cells exert their cytotoxic activity on both 
resting and IFN-γ-activated KCs, whereas Th-1 cells 
kill exclusively KCs previously exposed to IFN-γ. More-
over, IFN-γ up-regulates Fas expression and renders 
KCs sensitive to Fas-mediated lysis (82). Fas-signaling 
activates caspase enzyme cascade and ultimately re-
sults in apoptosis (106). Most notably, apoptosis oc-

curs in suprabasal epidermis. Damage to KCs results 
in loss of intercellular cohesion (acantholysis) and flu-
id influx from dermis (spongiosis). FasL expression is 
usually limited to activated T cells, natural killer cells 
and cells of certain immunologically privileged sites. 
Fas mediated apoptosis can be mediated by CD4+ 
and CD8+ cells (106). While CD8+ cells exert their cy-
totoxic activity on both resting and IFN-γ-activated 
KCs, Th-1 cells kill exclusively KCs previously exposed 
to IFN-γ. IFN-γ treatment renders KCs susceptible to 
Th-1, but not Th-2 (82). Among CD4+ T cells, only the 
Th-1 subset is able to kill KCs but exclusively after 
MHC II induction of IFN-γ, and may cooperate with 
CD8+ cells. In contrast, KCs appear to be resistant to 
Th-2-mediated cytotoxicity (82). 

Regulatory cells (Tregs)
The role of regulatory cells is to maintain tolerance 

and to gain control over the inflammatory responses 
by regulating magnitude and duration of contact hy-
persensitivity response (20,23,52,64). CD4+ cells have 
been shown to have a pathogenic role, but they also 
have a regulatory function. In humans, both regulato-
ry and pathogenic CD4+ cells exist. Specialized CD4+ 
T cells perform immunomodulatory function through 
release of suppressive cytokines (Fig. 5) (107). CD4+ 
cells down-regulate reaction and act during both 
sensitization and elicitation phase, limiting the size of 
CD8+ pool or modifying their functional properties in 
lymph node during the sensitization phase and cells 
regulating CD8+ cell-mediated immune responses by 
restricting effector T cell development through a Fas 
ligand-dependent mechanism (34,58,108,109). Some 
studies suggested that CD4+ cells might suppress 
CD8+ cells by producing IL-4, IL-5 and IL-10 (35). Bal-
ance between regulatory and effector mechanisms 
may be relevant for both allergic and autoimmune 
diseases, and despite long retention of hapten in the 
skin, inflammatory reaction is self-limited, suggesting 
the role of IL-10 (56). 

There are basically two distinct subsets of Tregs: 
antigen-specific Tregs and naturally occurring 
CD4+CD25+ Tregs (107) (Fig. 5). They are further di-
vided into three major subsets of Tregs: 1) Tr1 cells 
with IL-10 secretion, 2) Th3 cells withTGF-β secretion, 
and 3) naturally occurring CD4+CD25+ T cells (Figs. 
5 and 6) (107). Few recent reports suggest the exis-
tence of T regulatory activity also among the CD8+ 
population (3). There is also evidence for the regula-
tory role of B cells, which exert their role through the 
production of IL-10 (110,111). 

Ag-specific Tregs (secondary suppressor) are fur-
ther divided into two subgroups: Tr1 and Th3. The key 
modulation cytokines are IL-10 and TGF-β. 
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Tr1 express CLA and are easily recruited at the site 
of hapten re-exposure where they can rapidly secrete 
high amounts of IL-10, and impair monocyte and DC 
function with the result of decreased T cell activation 
(56,112). IL-10 is a potent anti-inflammatory cytokine 
and can down-regulate immune responses mainly 
through monocyte inhibition (monocyte release of 
TNF-α) and DC presenting capacity (56,112). IL-10 
promotes class II MHC expression on DC (56). Addi-
tional mechanism could be that IL-10 converts DCs 
into tolerogenic APC (113) (Fig. 6). It has been shown 
that hypersensitivity reaction to hapten is enhanced 
with IL-12, and diminished with IL-10 (56). Tr1 cells 
control activation of naïve and memory T cells, and 
suppress Th-1 response and reduce capacity of DCs 
to induce Ag-specific proliferation of T cells (112-118). 
IL-10 down-regulates Th-1 cytokine response, but not 
Th-2 cytokine response (112). 

Th3 cells are TGF-β producing CD4+ cells 
(107,119,120). Regulatory Th3 are a unique subset of 
T cells induced by orally administered Ag. They help 
IgA production and have suppressive effects on Th-1 
and Th-2 cells. Th3-induction is Ag-specific, but their 
suppressive effect is Ag-nonspecific and mediated 
through TGF-β secretion (107). TGF-β promotes in-
duction of Th3 cells and this can be further enhanced 
by the presence of IL-4 and IL-10 (119,120). 

IL-10 and TGF-β are important in the generation of 
Tr1 and Th3 cells. In the presence of IL-10 and IFN-α, 
CD4+ cells differentiate into Tr1 cells (115). Tr1 cells 
can produce excessive amounts of IL-10, whereas 
Th3 cells preferentially produce TGF-β (107). IL-10 
promotes differentiation of Tr1 cells, whereas TGF-β 
induces both CD4+CD25+ and CD4+CD25- cells to 
differentiate into CD4+CD25+ regulatory cells (119). 
Repeated stimulation of CD4+ cells by immature DCs 
leads to emergence of regulatory cells, producing IL-
10 and related to Tr1 cells (116). Activated Tr1 and Th3 
cells suppress DC stimulatory properties and might 
induce tolerogenic DC, thus promoting differentia-
tion of naïve CD4+ cells into Tr1 cells (107).

Naturally occurring CD4+ regulatory T cells form 
5% to 15% of all CD4+ cells in the thymus and con-
stitutively express α-chain of the IL-2 receptor (CD25) 
and express T cell memory phenotype (107,121). 
They show weak sensitivity to stimulation via antigen 
receptor (TCR) and inability of IL-2 production. This 
suppressive effect requires TCR activation and once 
activated can exert bystander suppression against 
lymphocytes with a different antigen specificity of 
MHC haplotype (107,121). Intravenous and oral route 
of exposure to Ag favors the expansion of CD25+ 
cells, and this expansion can be due to proliferation of 

CD4+CD25+ cells or to differentiation of CD4+CD25- 
cells into regulatory cells (121). The ultimate result of 
suppression with CD25+ cells is inhibition of IL-2 tran-
scription in the responder cell population (122,123). 
CD4+CD25+ cells inhibit both induction and effector 
function of T cells (124). APCs have a critical role in the 
attraction of CD4+CD25+ cells (121). 

Transcription factor FoxP3 plays a key role in the 
development and function of CD4+CD25+ (125). IFN-
regulatory-factor-1 negatively regulates CD4+CD25+ 
regulatory T cell differentiation by repressing Foxp3 
expression (126).

CD4+CD25+ cells are able to regulate CD4+ cells, 
CD8+ cells and B cells. They might be recruited within 
both secondary lymphoid tissues and inflamed tissue. 
Their suppressive effect occurs due to direct effect on 
lymphocytes, even in the absence of APCs; and indi-
rectly due to their effect on APCs through down-regu-
lation of co-stimulatory molecules (CD80 and CD86) 
(127). Inflammatory stimuli cause DC maturation and 
this is the key process in directing naïve T cells into 
effector cells (Th-1 or Th-2), while immature DCs are 
tolerogenic and favor the development of Tregs (116). 

Figure 5. Regulatory cells.

Figure 6. Mechanism of suppressive action of antigen-spe-
cific T regulatory lymphocytes.
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The relationship between the CD4+CD25+ cells 
and Tr1 is still unclear (121). There is evidence that 
CD4+CD25+ cells closely cooperate with TGF-β/IL-10 
cells (probably Tr1 and Th3) (107). CD4+CD25+ can 
convert conventional CD4+ into Tr1-like regulatory 
cells or TGF-β secreting cells, and therefore their sup-
pression can be due to the following: 1) locally, by 
contact-dependent induction of T cell anergy, or 2) 
systemically, by the induction of T regulatory cells via 
cytokine mediated suppressive activity (121). Once ac-
tivated, CD4+CD25+ cells produce immunosuppres-
sive cytokines (IL-10, TGF-β and less IL-4) (121,128). 
Suppressor functions can occur via multiple regula-
tory mechanisms, but it seems that CD4+CD25+ cells 
exert immunosuppression by cell-cell interaction in-
volving cell surface TGF-β-1 (128). There is evidence 
that glucocorticoid-induced TNF receptor seems to 
be implicated in their suppressive function (129). 

CTLA-4 (CD125) is a CD28 homologue expressed 
on activated T cells and upon interaction with CD80 
or CD86 on APC exerts a down-regulatory or attenu-
ating effect on T-cell-mediated immune responses 
(130,131). CD28/B7 pathway is one of the most im-
portant in naïve T-cell activation. CD4+CD25+ T cell 
activation does not involve the CD28 pathway (130). 
CD28 engagement increases the expression of the 
down-modulatory molecule CTLA-4 and induces 
proliferation of Th-2 cells with protective function 
(132,133). 

Conclusions
Contact allergic dermatitis is a prototype of cell 

mediated hypersensitivity skin reaction and is the 
result of complex interactions of numerous immune 
cells, cytokines and chemokines. Different cell sub-
sets are involved in sensitization and elicitation phas-
es. Dendritic cells with antigen presentation have a 
central role in the sensitization phase. As the result of 
their maturation, hapten-specific cells are produced. 
Memory response is much faster than primary re-
sponse to allergens and occurs due to the complex 
interactions of KCs, NKT, B1 cells, mast cells, platelets, 
endothelium and cytotoxic subsets of cells such as 
CD8+ and Th-17 cells. The severity and duration of 
the reaction are controlled by several types of regu-
latory lymphocytes. Knowledge about the immunol-
ogy of contact allergic dermatitis gives us an insight 
into the wide spectrum of the possible therapeutic 
targets that can be exploited in the future.
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You can have brownish, healthy skin by using Nivea cream; year 1936.
(from the collection of Mr. Zlatko Puntijar)


