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Denne afhandling er i forbindelse med nedenstående anførte tidligere publicerede artikler af Det Sundhedsvidenskabelige Fakultet ved Aarhus Universitet antaget til offentligt at forsvares for den medicinske doktorgrad.
This thesis is based on the following papers:
I.

Vestergaard C, Yoneyama H, Murai M, Nakamura K, Tamaki K, Terashima Y, Imai T, Yoshie O, Irimura T, MizuVCPK*/CVUWUJKOC-1XGTRTQFWEVKQPQH6JURGEKſEEJGOQMKPGUKP0%0ICOKEGGZJKDKVKPICVQRKEFGTOCVKVKUNKMG
NGUKQPU,%NKP+PXGUVŌ

++

8GUVGTICCTF%$CPI-)GUUGT$;QPG[COC*/CVUWUJKOC-.CTUGP%)#6JEJGOQMKPG6#4%RTQFWEGFD[
MGTCVKPQE[VGUOC[TGETWKV%.# %%4 N[ORJQE[VGUKPVQNGUKQPCNCVQRKEFGTOCVKVKUUMKP,+PXGUV&GTOCVQN
Ō

+++ 8GUVGTICCTF%-KTUVGLP0)GUUGT$/QTVGPUGP,6/CVUWUJKOC-.CTUGP%)+.CWIOGPVUVJG+(0ICOOCCPF
60(CNRJCKPFWEGF6#4%RTQFWEVKQPKP*C%C6EGNNUCRQUUKDNGOGEJCPKUOKPVJGKPƀCOOCVQT[TGCEVKQPQHCVQRKE
FGTOCVKVKU,&GTOCVQN5EKŌ
+8 8GUVGTICCTF%&GNGWTCP/)GUUGT$.CTUGP%)'ZRTGUUKQPQHVJG6JURGEKſEEJGOQMKPGTGEGRVQT%%4QP%%4
RQUKVKXGN[ORJQE[VGUKPCVQRKEFGTOCVKVKUDWVPQVRUQTKCUKUUMKP$T,&GTOCVQN  Ō
8

8GUVGTICCTF%&GNGWTCP/)GUUGT$.CTUGP%)6J[OWUCPFCEVKXCVKQPTGIWNCVGFEJGOQMKPG 6#4%%%. KPFWEGUC6JFQOKPCVGFKPƀCOOCVQT[TGCEVKQPQPKPVTCFGTOCNKPLGEVKQPKPOKEG'ZR&GTOCVQN  Ō

8+ 8GUVGTICCTF % ,QJCPUGP % %JTKUVGPUGP 7 ,WUV * *QJY[ 6 &GNGWTCP / 6#4% #WIOGPVU 60(CNRJCKPFWEGF
%6#%-RTQFWEVKQPKPMGTCVKPQE[VGU'ZR&GTOCVQN  Ō
8++ 8GUVGTICCTF%,WUV*$CWOICTVPGT0KGNUGP,6JGUVTWR2GFGTUGP-&GNGWTCP/'ZRTGUUKQPQH%%4QPOQPQE[VGUCPF
OCETQRJCIGUKPEJTQPKECNN[KPƀCOGFUMKPKPCVQRKEFGTOCVKVKUCPFRUQTKCUKU#EVC&GTO8GPGTGQN  Ō
8+++ 8GUVGTICCTF%,QJCPUGP%1VMLCGT-&GNGWTCP/+XGTUGP.%6#%-%%. %WVCPGQWU6EGNN#VVTCEVKPI%JGOQMKPG 2TQFWEVKQPKP-GTCVKPQE[VGUKU%QPVTQNNGFD[0(M$%[VQMKPGŌ
#TDGLFGTPG++++JCTKPFI¾GVUQOGPFGNCH2J&CHJCPFNKPIGPŒ%TQUUVCNMVJTQWIJEJGOQMKPGUDGVYGGPMGTCVKPQE[VGUCPF
N[ORJQE[VGUKPCVQRKEFGTOCVKVKUŒ
&GÓXTKIGCTDGLFGT+88+++GNNGTFGTKKPFI¾GPFGTGUWNVCVGTJCTKMMGVKFNKIGTGX¿TGVKPFNGXGTGVOGFJGPDNKMR¾QRP¾GNUGCH
en akademisk grad.
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INTRODUCTION
Atopic dermatitis is an eczematous disease in which the skin
is invaded by lymphocytes macrophages, mastcells, and eosi
nophils. The cause of the disease remains unknown, although
several theories spanning from bacterial infections in the skin
to prenatal exposure and genetics have been presented, all of
them probably representing part of the truth for the pathoge
nesis of this complex and multifactorial disease (Fig. 1).
7KHPHFKDQLVPDQGWKHQDWXUHRIWKHO\PSKRF\WHLQ¿OWUD
tion in the skin has also been studied intensively and some
of the questions arising when studying atopic dermatitis are
why is it only a certain subpopulation of cells that enters the
skin? Why is the response initially dominated by Th2 cells?
And why does it change as the disease progress? Is there any
link between the lymphocytes and the keratinocytes in the
VNLQRUDUHWKHUHRWKHUFHOOVFRQWULEXWLQJWRWKHLQÀDPPDWRU\
reaction of the skin? And perhaps more importantly; can we
PDQLSXODWHWKHV\VWHPZKLFKFRQWUROVWKHLQÀDPPDWLRQDQG
thereby help the patients suffering from atopic dermatitis?
To study the disease and to try to answer these questions
we used a murine model for atopic dermatitis, the NC/Nga
mouse. We investigated the expression of chemokines and
correlated these to disease activity and found that especi
ally two cytokines, TARC/CCL17 and MDC/CCL18 were
highly expressed by keratinocytes and dermal dendritic cells
respectively. These chemokines attracts Th2 cells and thus
we hypothesized that they were pivotal to the pathogenesis
of atopic dermatitis.

Nature is complex, and one answer, led to another question.
Are there any differences in the expression of the receptors
for these chemokines in healthy people and atopic dermatis
patients? Are there other chemokines of importance for the
LQÀDPPDWRU\UHDFWLRQ"&DQZHEORFNWKHVHFKHPRNLQHVDQG
on what level? Can the overexpression of these chemokines
be used as a diagnostic tool?
The work presented here has been performed over the
last 6 years and during the course of our experiments and
investigations other results from all over the world have
been published and led to new and exciting questions, some
of which we have also tried to address.

Fig. 1.4KUMHCEVQTUHQTVJGFGXGNQROGPVQHCVQRKEFGTOCVKVKU
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ATOPIC DERMATITIS – GENERAL CONSIDERATIONS
HISTORY
The diagnostic criterions for atopic dermatitis were primarily
VHWXSE\+DQL¿QDQG5DMNDLQDOWKRXJKVHYHUDORWKHUV
exist. The term atopy is derived from the Greek word meaning
µRXWRISODFH¶DQGZDV¿UVWXVHGE\&RFDDQG&RRNHLQ
to describe a type of hypersensitivity in humans. The main
features of the disease described by Coca and Cooke were
a) hereditary, b) limited to a small group, c) different from
allergy and anafylaxis, d) a qualitatively abnormal response,
e) clinical manifestations as asthma and hay fever, and f)
DVVRFLDWHG ZLWK LPPHGLDWHW\SH VNLQ UHDFWLRQ 7KXV &RFD
DQG&RRNH¶VGH¿QLWLRQLQFOXGHGDOODWRSLFGLVHDVHVVXFKDV
DVWKPDUKLQRFRQMXQFWLYLWLVDQGGHUPDWLWLV,Q:LVHDQG
Schultzberger described atopic dermatitis with the classical
manifestations and distribution. Up until the 1960’s popu
ODWLRQVWXGLHVGHVFULEHGWKHDVVRFLDWLRQEHWZHHQKD\IHYHU
asthma, and atopic dermatitis. In the late 1960’s the IgE mo
lecule was described and the discovery of the elevated plasma
IgE in atopic diseases made. Later studies, however, showed
that not all atopic dermatitis patients have increased plasma
IgE levels, which has lead to the concept of an intrinsic and
an extrinsic type of atopic dermatitis (1).

EPIDEMIOLOGY
The incidence of atopic dermatitis has been rising in the wes
tern countries since World War II (2), a fact which has been
ascribed to better living conditions and the western lifestyle
(3, 4) although it seems to have levelled out during the 90’s
(5). Atopic dermatitis affects between 15% and 20% of all
Danish children (6, 7) however; the number varies with a li
fetime prevalence between 13% and 37% (8). In a Norwegian
study 13% of the population under the age of 20 was affected
by atopic dermatitis, whereas only 2% of the population over
the age of 20 was affected (9).
,QRIWKHFDVHVWKHRQVHWRIWKHGLVHDVHLVLQWKH¿UVW\HDU
of life and in 85% of the cases before the age 5 years (10).
$WRSLF GHUPDWLWLV LV FRQVLGHUHG DV WKH ¿UVW VWHS LQ WKH
‘atopic march’ since patients suffering from atopic dermatitis
have a higher risk for developing asthma and allergic rhinitis,
a risk correlating with the severity of the disease (11).
The cause of atopic dermatitis is unknown. Patients suf
fering from atopic dermatitis often have a family history of
atopic diseases. Monozygotic twins have a concordance rate
of 77%, whereas in dizygotic twins it is 15%, suggesting a
genetic background for the disease (12). However, atopic
dermatitis is a complex disease and environmental factors
certainly also play a role.
Foetal and early growth is linked to the development of
diseases later in life (13). Increased gestational age and birth

weight is associated with development of atopic dermatitis
(6), whereas premature birth before gestational week 37
decreases the risk markedly (14). However, other studies
shows no association between birth weight, gestational age
and atopic dermatitis (15–17). Pregnant women have a Th2
skewed immunity (18), which is also found in neonatal im
munological reactions (19). Newborn children with a Th2
VNHZHGLPPXQLW\DQGOLWWOH,)1ȖUHVSRQVHWRDOOHUJHQVKDYH
a higher risk of developing atopic dermatitis (20). Further
more an ectodermal dysmaturation of the thymic epithelium
OHDGLQJWRDGLVWXUEHG7FHOOPDWXUDWLRQKDVEHHQVXJJHVWHGDV
a cause for atopic dermatitis (21), as have a decreased content
of ceramide in the skin (22).

CLINICAL SYMPTOMS
Atopic dermatitis is a chronic and chronically relapsing
LQÀDPPDWRU\SUXULWLFDQGHF]HPDWRXVGLVHDVHRIWHQVHHQLQ
conjunction with rhinitis and asthma (10, 23, 24).
The most prominent features of the disease are its pruritic
QDWXUHDQGWKHGLVWLQFWGLVWULEXWLRQRIWKHOHVLRQVRQWKHÀH[XUDO
areas of the body, especially in the childhood and adult phase
(10). Atopic dermatitis is often complicated and aggravated
by infections with Staphylococcus Aureus leading to impetigo
(25). Severe eczema herpeticum is also a complication seen in
children and adults with atopic dermatitis, as well as other viral
infections such as warts and molluscum contagiosum (10).
The severity of atopic dermatitis can be measured with the
SCORAD index (from The European Task Force on Atopic
Dermatitis) based on subjective symptoms of the patients
and objective descriptions of the lesions by a clinician (26,
27). An American scoring system, EASI, has also been sug
gested (28).

ELICITING FACTORS
Whether atopic dermatitis is an allergic disease or not is a
long standing controversy. Between 35% and 40% of children
with moderate to severe atopic dermatitis have food allergy
and half of the children experienced marked improvement
DIWHUHOLPLQDWLRQGLHW  ,QDGGLWLRQ7FHOOVZLWKVSHFL¿F
reactivity to food allergens have been isolated from atopic
dermatitis lesions (31). Yet, in a recent PhD thesis it was
shown that only 12% of the children with atopic dermatitis
had a positive atopy patch test for hens egg whereas 8% of
healthy children had a positive test (32), although the diag
nostic value of the atopy patch test in diagnosing food allergy
is very low (33).
It has been shown that the number of positive skin prick
tests increases the probability of having atopic dermatitis (32).

TARC and CTACK; Two Pivotal Chemokines in Atopic Dermatitis
Skin lesions can erupt after intranasal or bronchial challenge
ZLWK DHURDOOHUJHQV LQ VHQVLWLVHG SDWLHQWV   DQG HSLFX
WDQHRXV DSSOLFDWLRQRIDHURDOOHUJHQVHOLFLWVDQHUXSWLRQLQ
30–50% of the patients (23). Furthermore a reduction of house
GXVWPLWHVLQWKHKRPHVRIWKHSDWLHQWVKDVVKRZQVLJQL¿FDQW
reduction of their symptoms (35), but the number of atopic
dermatitis patients with a positive patch test varies between
16% and 100% (36).
On the other hand association with a positive skin prick
test seems to be restricted to atopic dermatitis patients with
concomitant inhalant allergy, and only a positive skin prick
test to pityrosporum ovale correlates to atopic dermatitis
without inhalant allergy (37).
7KXVWKHSDWKRJHQLFVLJQL¿FDQFHDOOHUJLHVLQDWRSLFGHUPD
titis is still a controversial subject.
Infections also play a role in the pathogenesis of atopic
dermatitis. In a recent study it was shown that children who
were subjected to the measles, mumbs and rubella vaccination
RUPHDVOHVLQIHFWLRQKDGDVLJQL¿FDQWO\KLJKHUULVNRIGHYHOR
ping atopic dermatitis than children who were not vaccinated
or had had measles (38).
6$XUHXV, which colonizes the skin, can also exacerbate
atopic dermatitis, probably through the production of super
antigens. Some patients produces IgE antibodies against super
antigens, and the disease activity is higher in patients sensi
tised to SEB (staphylococcal enterotoxin B) than in patients
who are not sensitised (39). In the cutaneous lymphocyte
associated antigen (CLA) positive subset of T cells from pa
tients with atopic dermatitis, clonal expansion corresponding
WRWKHUHOHYDQW9ȕFKDLQLQWKH7FHOOUHFHSWRU ZKLFKLVDEOH
to bind the superantigens) is found (40). Furthermore, supe
UDQWLJHQVDXJPHQWVSURGXFWLRQRIDOOHUJHQVSHFL¿F,J(LQWKH
SUHVHQFHRI,/  DQGLQGXFHVJOXFRFRUWLFRLGUHVLVWDQFH
in peripheral blood mononuclear cells (PBMCs) of atopic
dermatitis patients through induction of the glucocorticoid
UHFHSWRUȕ  $SSOLFDWLRQRIVXSHUDQWLJHQVWRWKHVNLQRI
DWRSLFGHUPDWLWLVSDWLHQWVLQGXFHVDQLQÀDPPDWRU\UHDFWLRQ
with the relevant clones of T cells (43). Finally, superanti
gens also induce CLA expression on T lymphocytes through
LQGXFWLRQRI,/DQGWKHUHE\FRQWULEXWHVWRWKHLQYDVLRQRI
the skin by lymphocytes (44).
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the skin lesions of atopic dermatitis and the number of lymp
hocytes in the lesions have been calculated to 469.000/mm3
compared to 124.000/mm3 in uninvolved skin. This means
that in an atopic dermatitis patient with 20% of the skin
involved approximately 1.2×1010 lymphocytes will be in the
skin compared to 1.25×1010 lymphocytes in the peripheral
blood in the peripheral blood (52).

THE T CELLS IN ATOPIC DERMATITIS
The central role of the T cells in the pathogenesis of atopic
dermatitis is demonstrated by the fact that increased serum
,J(DQGHF]HPDWRXVUHDFWLRQVDUHFOHDUHGLQSULPDU\7FHOO
LPPXQRGH¿FLHQFLHVDIWHUERQHPDUURZWUDQVSODQWDWLRQ :L
VNRWW$OGULFKV\QGURPH   
The CD4 positive T cells are divided into a Th1 subset,
which is associated with the cellular immune response and
a Th2 subset which is associated with the humoral immune
response. The Th1 subset is typically described to produce
,)1ȖDQG,/ZKHUHDVWKH7KVXEVHWLVXVXDOO\GHVFULEHG
WRSURGXFH,/,/DQG,/   )LJ ,/LQ
duces IgE isotype switch and production in B cells (56, 57).
Furthermore the Th1 subset and Th2 subset work antagonistic
VLQFH,)1ȖLQKLELWV7KPDWXUDWLRQDQG,/LQKLELWV7K
maturation (58).
In the peripheral blood of atopic dermatitis patients the T
cells have an increased CD4/CD8 ratio (59). Moreover, they
seem to be chronically activated, since their teleomer length
LVVLJQL¿FDQWO\UHGXFHGDQGWKHWHOHRPHUDVHDFWLYLW\LQFUHDVHG
compared to healthy controls (60, 61).
Isolated T cells from peripheral blood of atopic dermatitis
SDWLHQWVSURGXFHDODUJHDPRXQWRI,/DQGOHVVRI,)1Ȗ
compared to T cells from healthy controls, when stimulated

HISTOLOGY AND IMMUNOLOGICAL REACTIONS IN THE SKIN OF ATOPIC DERMATITIS
In atopic dermatitis the keratinocytes exhibit spongiosis
(intracellular oedema), acanthosis (thickening of the stratum
VSLQRVXP SDUDNHUDWRVLV LQWKHFKURQLFOLFKHQL¿HGOHVLRQV 
(nuclei remaining in the stratum corneum), and hyperkeratosis
(thickening of the stratum corneum) (24, 45). A severe cellular
LQÀDPPDWRU\UHDFWLRQLVVHHQLQWKHGHUPLV  FRQVLVWLQJRI
lymphocytes (10, 24, 47), eosinophils (48), mast cells (49),
monocytes (46) and dermal (50) as well as epidermal dendritic
cells (51). The lymphocyte is the most predominant cell in

Fig. 2. 'ZRTGUUKQPQHEJGOQMKPGTGEGRVQTUQP6JCPF6JN[ORJQE[VGU 6J N[ORJQE[VGU GZRTGUU +. CPF +(0J and the main
EJGOQMKPGTGEGRVQTGZRTGUUGFQPVJGUGEGNNUKU%:%46JN[ORJQE[VGUGZRTGUU+.+.+.CPF+.CPFVJGOCKPEJGOQMKPG
TGEGRVQTQPVJGUGEGNNUKU%%4
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with mitogen and allergen (62). This, in combination with
the fact, that 80% of atopic dermatitis patients have increased
VHUXP,J(KDYHOHGWRWKHSHUFHSWLRQRIDWRSLFGHUPDWLWLVDV
D7KGRPLQDWHGGLVHDVH  
A study of 920 children with insulin dependent diabetes
PHOOLWXV ,''0 DQGQRQGLDEHWLFFKLOGUHQVKRZHGWKDW
the children who developed IDDM had a lower risk of atopic
dermatitis before the onset of IDDM than did the children who
did not develop IDDM. However; after the debut of IDDM
these children had the same risk for atopic dermatitis as did
children who did not suffer from IDDM (64). This supports
the concept of atopic dermatitis as a Th2 dominated disease
VLQFH,''0LQDQLPDOPRGHOVLVDVVRFLDWHGZLWK,)1ȖUHOHDVH
and therefore with a Th1 dominated response (65, 66) which
should then protect the children from atopic dermatitis until
after the debut of IDDM.
The lymphocytes in the skin also have a high CD4/CD8 ra
tio, and are mainly CD3, CD4, and CD45RO positive T cells,
which suggest that they belong to the memory subpopulation
(47, 67). As already mentioned T cells from the peripheral
blood of AD patients predominantly produce Th2 cytokines
ZKHQVWLPXODWHG+RZHYHUXVLQJ573&5DQDO\VLVRIP51$
LVRODWHGIURPWKHVNLQRIDWRSLFGHUPDWLWLVSDWLHQWV,)1ȖKDV
EHHQVKRZQWREHH[SUHVVHGFRQFRPLWDQWO\ZLWK,/  
7KHPDMRULW\RI7FHOOFORQHVHVWDEOLVKHGIURPVNLQELRSVLHV
RIDWRSLFGHUPDWLWLVDUHDOVRDEOHWRH[SUHVVERWK,)1ȖDQG
,/  ,QWHUHVWLQJO\+LJDVKLHWDO  VKRZHGWKDW
VWLPXODWHG7FHOOOLQHVLVRODWHGIURPDWRSLFGHUPDWLWLVVNLQ
SULPDULO\SURGXFHG,/DQGODWHU,)1Ȗ7KLVVXJJHVWVWKDW
the Th2 to Th1 shift may be a time dependent phenomenon.
When comparing the expression of cytokines in the acute
and chronic lesions of atopic dermatitis the mRNA of the Th2
F\WRNLQHV ,/ DQG ,/ DUH KLJKO\ H[SUHVVHG LQ WKH DFXWH
atopic dermatitis lesions, whereas in the chronic lesions, the
H[SUHVVLRQRI,/LVORZDQGWKHH[SUHVVLRQRI,/DQG,)1
ȖKLJK  7KHFKDQJHIURPD7KWRDPL[HG7K7KKDV
been further elucidated by studying the cytokine expression in
atopy patch tests against house dust mite allergens. This sho
wed an initial rise in Th2 cytokines followed by an increase in
Th1 cytokines (73). The same pattern of cytokine expression
has been observed during allergen late phase reactions in the
skin (74). The mechanism for the shift from a Th2 to a Th1
GRPLQDWHGUHVSRQVHPD\EHPHGLDWHGWKURXJK,/DVVXJ
gested by Grewe et al (63). The hypothesis is based on the
IROORZLQJREVHUYDWLRQV FKURQLF$'OHVLRQVKDYHDKLJKHU
,/FRQWHQWWKDQDFXWHOHVLRQV   LQDWRS\SDWFKWHVW
OHVLRQV,)1ȖH[SUHVVLRQZDVQRWREVHUYHGDIWHUKRXUVRI
WHVWLQJRQO\DIWHUKRXUV WKLVZDVSUHFHHGHGE\,/
expression (76) and 4) eosinophils which are seen in the early
phases of atopy patch test lesions (77) as well as monocytes
 FDQEHVWLPXODWHGE\,/WRSURGXFH,/  DQGWKH
reby contribute to the shift between a Th2 and a Th1 response.
71)ĮKDVDOVREHGHVFULEHGLQWKHPDVWFHOOVRIDWRSLFGHUPD
titis, and it has been suggested that it may be responsible for the
expression of adhesion molecules on the endothelium (79, 80).

T-CELLS IN PSORIASIS
Psoriasis is not the main subject in this thesis, but as skin
biopsies and blood samples from this category of patients
has been used in our study a very brief summary of psoriasis
ZLOOEHJLYHQ3VRULDVLVLVDOVRDQLQÀDPPDWRU\VNLQGLVHDVH
and affects approximately 2% of the population. The skin
in psoriasis is characterized by marked epidermal hyperpla
VLD DQG GHUPDO LQ¿OWUDWLRQE\ PRQRQXFOHDU FHOOV  7KH
lymphocytes invading the skin are mainly activated memory
T lymphocytes, and are both CD4+ and CD8+ with the CD8+
cells forming the majority in psoriasis (47, 82, 83). Traditio
nally the T cells invading the skin in psoriasis are described
as Th1 lymphocytes (84, 85), although some investigators
have described both Th0 and Th2 lymphocytes in the skin of
psoriasis (86). It is very likely that the T cells invading the
skin of psoriasis have a mitogenic effect on the keratinocytes
however their exact role still needs to be elucidated (81).
Thus, in a sense, psoriasis seems to be the reverse skin
disease of atopic dermatitis in terms of T cells, and therefore
we have used psoriasis as an ‘opposite’ control in our expe
riments included in this thesis (87, 88).

ANTIGEN PRESENTING CELLS
7KH PDMRU FRPSRQHQW RI WKH FHOOXODU LQ¿OWUDWH LQ WKH VNLQ
lesions of atopic dermatitis is T lymphocytes, and since
these cells are activated by antigen presenting cells, it has
been hypothesized that the antigen presenting cells play a
major role in the pathogenesis of the disease (89). The den
dritic cells (DCs) are central in this process. They function
as mobile sentinels who ingest and process antigens in the
peripheral tissues and from there move to the lymphoid tissue
and activate the T cells. The DCs capture antigens through
WKHDQWLJHQFDSWXULQJ)FUHFHSWRUVDQGSUHVHQWWKHDQWLJHQV
HLWKHURQ0+&,,PROHFXOHVWRDFWLYDWH7KHOSHUFHOOV &' 
or on MHC I molecules to activate cytotoxic T cells (CD8+).
Furthermore they are able to control the development of the
T cells into Th1 or Th2 lymphocytes by means of there cyto
NLQHSURGXFWLRQHLWKHU,/RU,/  '&VDOVRIXQFWLRQ
DVDFWLYDWRUVRI%O\PSKRF\WHVDQGSOD\DYLWDOUROHLQWKH
induction of tolerance. These subjects, however, are outside
the scope of this thesis.
7KH¿UVWGHQGULWLFFHOOWREHLGHQWL¿HGZDVWKH/DQJHUKDQV¶
cell which was described by Paul Langerhans in 1868. The
Langerhans’ cell is derived from the bone marrow and circula
ting CD34+ hematopoietic cells, and is found in the epidermis of
QRUPDOQRQLQÀDPHGVNLQ  ,WLVFKDUDFWHUL]HGE\LWVGHQGUL
tic appearance, the content of Birbeck granules in the cytoplasm
and expression of CD1a and MHC II (92). The Langerhans’
FHOOVIRUPDQHWZRUNWKURXJKRXWWKHHSLGHUPLVDQGDFWVDVD¿UVW
line antigen presenting network. Beside the above mentioned
surface markers, the Langerhans’ cells express numerous other
PDUNHUVVRPHRIZKLFKDUHGLVHDVHVSHFL¿F  

TARC and CTACK; Two Pivotal Chemokines in Atopic Dermatitis
The Langerhans’ cells ingest antigens and process them in
such a manner that they may be presented in the context of
WKH0+&,,PROHFXOHIURPZKHUHLQWHUDFWLRQZLWKWKH7FHOO
UHFHSWRUDQGDFWLYDWLRQRIWKH7FHOOWDNHVSODFH  
Another population of antigen presenting cells are the
LQÀDPPDWRU\GHQGULWLFFHOOV ,'(&V   7KH,'(&VDF
FXPXODWHLQWKHVNLQGXULQJLQÀDPPDWRU\FRQGLWLRQVVXFK
as atopic dermatitis, and the number of IDECs found in the
skin correlates to the duration and severity of the condition
(92). Circumstantial evidence suggest that they may originate
from monocytes (92).

IgE receptors on antigen presenting cells in atopic
dermatitis
As described atopic individuals have a higher production of
IgE, and in the mid 80’s it was shown that Langerhans’ cells,
dermal dendritic cells, and monocytes from these individuals
carry IgE molecules. Thus IgE was anticipated to play a role in
an allergic eczematous reaction in the skin. Both Langerhans’
FHOOVDQG,'(&VH[SUHVVWKHKLJKDI¿QLW\,J(ELQGLQJUHFHSWRU
)Fİ5,  DQGWKHOHYHORIH[SUHVVLRQLVLQFUHDVHGLQ
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the skin lesions of atopic dermatitis patients, and correlates
ZLWKWKHVHUXPOHYHOVRI,J(  )Fİ5,H[SUHVVLRQOHYHOVRQ
monocytes also correlate with the severity of disease in atopic
GHUPDWLWLVSDWLHQWV  $QWLJHQXSWDNHWKURXJK)Fİ5,,J(
and subsequent presentation has been suggested to be a key
event in the pathogenesis of allergen induced atopic derma
WLWLVDQGDVHOIDPSOLI\LQJPHFKDQLVPZKHUHE\DQWLJHQELQ
ding leads to activation of T cells, which in turn induces IgE
SURGXFWLRQLQ%O\PSKRF\WHVDQGWKXVLQFUHDVHVWKHQXPEHU
of IgE molecules found on the antigen presenting cells (92).
DCs in the dermis also produce lymphocyte attracting che
mokines. We have shown that in the Nc/Nga mouse, dermal
dendritic cells produce MDC/CCL22 (96), which is also the
case in human patients (97). Thus; the dendritic cells may hold
DFHQWUDOUROHLQWKHSDWKRJHQHVLVRIVNLQLQÀDPPDWLRQ7KH\
are involved in the activation of T lymphocytes and in allergy
LQGXFHGLQÀDPPDWLRQDQGKHUHWKHLUUROHVHHPVWREHDOPRVW
certain. Furthermore, they are able to produce chemoattrac
WDQWVIRUO\PSKRF\WHVDQGRWKHULQÀDPPDWRU\FHOOV
However their role in the pathogenesis of atopic dermatis
still remains to be elucidated.

12

Christian Vestergaard

ANIMAL MODELS FOR ATOPIC DERMATITIS
The use of animals to study atopic dermatitis presents certain
problems. First and foremost the diagnosis of atopic dermatitis
is, as mentioned above, based on the Lillehammer criteri
ons, which are set up for humans. However; if some of the
characteristics of atopic dermatitis is present in the animals,
VXFKDVD7KGRPLQDWHGO\PSKRF\WHLQ¿OWUDWHLQWKHVNLQ
LQÀDPPDWLRQE\PDVWFHOOVHRVLQRSKLOVPDFURSKDJHVDQG
dendritic cells, hyperkeratosis resembling chronic lichenisa
WLRQKLJKV,J(RUSUXULWXVWKH\PD\EHXVHGWRVWXG\WKH
different components of the disease.
Several animal models for atopic dermatitis exits, including
dogs, horses, and cats (98). The murine models are the most
attractive to work with due to the genetic homogeneity of the
different species, to the fact that the murine immunesystem
has been extensively studied, and to their physical properties.
Below a few of the murine models for atopic dermatitis will
be described.

7KH,ț%ȟNQRFNRXWPRXVH

A model for barrier disruption

THE NC/NGA MOUSE

A model using BALB/c mice was used to investigate the
cutaneous reactions resulting from disruption of the skin
barrier. The mice were shaved on the abdomen and adhesive
tape was repeatedly applied to the skin to disrupt the skin
barrier. This removed most of the stratum corneum and
left the rest of the epidermis intact. Application of house
GXVWPLWHDOOHUJHQVRQWKHVNLQLQGXFHG,/EXWQRW,/
DQG ,)1Ȗ P51$ LQ WKH VNLQ GUDLQLQJ O\PSK QRGHV  
demonstrating the importance of the skin barrier. Moreover,
epicutaneous sensitization resulted in skin lesions which mi
FURVFRSLFDOO\UHVHPEOHGDWRSLFGHUPDWLWLVZLWKDQLQ¿OWUDWLRQ
by CD3+CD4+ lymphocytes, mast cells, eosinophils and
neutrophils (100). The method of epicutaneous sensitization
was compared to conventional sensitization against OVA in
BALB/c mice. This showed that epicutaneous sensitization
HOLFLWHGDVLJQL¿FDQWKLJKHU,J(DQG,J*DQWLERG\UHVSRQVH
than intraperitoneal sensitization did.

The NC/Nga mouse was established as an inbred strain in
IURPWKH-DSDQHVHIDQF\PLFH 1LVKLNL1H]XPL  
104). This strain of mice has a high susceptibility to radiation
and anaphylactic shock induced by OVA. Japanese resear
chers noticed that the NC/Nga mouse spontaneously develo
ped dermatitis just after weaning. H. Matsuda et al. were the
¿UVWWRGHVFULEHWKHVLPLODULWLHVRIWKHVNLQOHVLRQVZLWKDWRSLF
dermatitis (105). We described that the skin lesions appear
on the back of the mice and have a nodular appearance at the
age of 8 weeks after which the skin becomes dry and scaly
and the mice start to itch and scratch themselves, leading to
excoriations in the skin. Mice suffering from this condition
becomes very aggressive, probably due to the constant itching
(96) (Fig. 3A).
7KHOHVLRQVDSSHDUZKHQWKHPLFHDUHNHSWLQQRQVWHULOH
conditions, but not when they are kept in sterile conditions
   7KH PLFH DOVR GHYHORS LQFUHDVHG V,J( ZKLFK
reaches a maximum at 14 weeks of age (105). The in
FUHDVHGV,J(PD\EHGXHWRDFRQVWLWXWLYHO\DQGHQKDQFHG
phosphorylation of the Janus Kinase 3 (106). We and others
described that the histological appearance of the epidermis is
characterized by hyperkeratosis, acanthosis, parakerathosis
and spongiosis (Fig. 3B and C). The dermis is invaded by
,/SURGXFLQJ&'O\PSKRF\WHV )LJ'DQG( VRPH
CD8+ lymphocytes, mast cells, macrophages, eosinophils,
and dermal dendritic cells, (96, 105). As in atopic dermatitis
patients the cytokine balance is initially dominated by a Th2
response, but as the disease progress a more mixed expres
sion of Th1 and Th2 cytokines can be observed, both on the
mRNA level (96), and on the protein level (105).

A model using human PBMC’s
An interesting animal model in which human PBMC’s can
be studied in mice has also been described (101). SCID mice,
which are unable to elicit a response against foreign cells,
were injected with PBMC’s from human atopic dermatitis
patients, and the effect of house dust mites and 6$XUHXV
VXSHUDQWLJHQVRQGHUPDOLQ¿OWUDWLRQZHUHVWXGLHG$SSOLFDWLRQ
of both house dust mite antigen and SEB resulted in profound
LQÀDPPDWLRQLQERWKWKHGHUPLVDQGHSLGHUPLV7KHVHH[
SHULPHQWVVWUHVVHVWKHVLJQL¿FDQFHRIWKHOHXFRF\WHVDQGWR
certain extent the role of the above mentioned antigens in the
pathogenesis of atopic dermatitis.

$ UHFHQW GHVFULEHG PRXVH LQ ZKLFK WKH 1)ț% LQKLELWLQJ
IDFWRU ,ț%ȟ KDV EHHQ UHPRYHG VKRZV QRUPDO JURZWK XQWLO
4–8 weeks after birth. They then develop an eczematous
LQÀDPPDWRU\UHDFWLRQLQWKHVNLQLQZKLFKH[SUHVVLRQRIWKH
Th2 attracting chemokine TARC (see below) is increased.
Furthermore, increased IgE is seen in the serum of the mouse
(102). Thus, this seems to be a promising model for atopic
dermatitis.
$OORIWKHVHPRGHOVKDYHRQHRUPRUHVSHFL¿FHOLFLWLQJIDF
tors of their condition, but atopic dermatitis is, as mentioned
before, a multifactorial disease, without any well described
VSHFL¿FHOLFLWLQJIDFWRU6HYHUDORWKHUPRGHOVH[LVWEXWRQH
mouse model which resembles human atopic dermatitis, and
LQZKLFKQRVSHFL¿FHOLFLWLQJIDFWRULVNQRZQLVWKH1&1JD
mouse, which will be described below.

TARC and CTACK; Two Pivotal Chemokines in Atopic Dermatitis

)LJA) The NC/Nga mouse at 14 weeks when kept under conven
tional conditions. B) HE staining of skin biopsy from a mouse kept
under sterile conditions. C) HE staining from a mouse kept under
FRQYHQWLRQDOFRQGLWLRQV' &'VWDLQLQJRIELRSV\IURPDPRXVH
kept under conventional conditions. Note that CD4+ lymphocytes
DUHVHHQERWKLQWKHGHUPLVDQGHSLGHUPLV( ,/VWDLQLQJRIELRSV\
from a mouse kept under conventional conditions. The positive
cells are, as judge by morphology, lymphocytes and mast cells. F)
MDC staining of of skin biopsy from a mouse kept in conventional
conditions. G) TARC staining of biopsy from a mouse kept under
FRQYHQWLRQDOFRQGLWLRQV+ 573&5SHUIRUPHGRQ51$LVRODWHG
from the skin of mice kept either under sterile conditions or conven
WLRQDOFRQGLWLRQV,)1JP51$FDQEHGHWHFWHGIURPZHHNLQWKH
PLFHNHSWXQGHUFRQYHQWLRQDOFRQGLWLRQVZKHUHDVQR,)1JP51$
can be detected in the mice kept in sterile conditions. MDC can be
detected in both mice kept in SPF conditions and mice kept under
FRQYHQWLRQDOFRQGLWLRQV7$5&SURGXFWLRQLVGHWHFWHGIURPZHHN
in mice kept under conventional conditions and highly upregulated
from week 12. No TARC production could be detected in the mice
kept under sterile conditions.
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The mechanisms for induction of the atopic dermatitis like
condition in the NC/Nga mouse are still unknown. However,
as mice kept in sterile conditions do not develop the disease
HQYLURQPHQWDOIDFWRUVDORQJZLWKJHQHWLFIDFWRUVVSHFL¿FIRU
this strain must be responsible. Fur mites (Myocoptes musculinus) can induce the AD like condition along with increased
V,J(VSHFL¿FDJDLQVWWKHIXUPLWHDQWLJHQV  $SSOLFDWLRQ
of a crude extract of house dust mite (Dermatophagoides farinae DOVRUHVXOWHGLQLQFUHDVHGVSHFL¿FV,J(DQGLQGXFWLRQ
of the skin lesions, yet the major cell type in these lesions was
the mast cell (108). The neuropeptide substance P, which is
DEOHWRLQGXFHQHXURJHQLQÀDPPDWLRQLVLQFUHDVHGLQERWK
nerve endings and mast cells in the skin of the NC/Nga mouse
which may make it more prone to develop the skin condition
(109). Injection of staphylococcal enterotoxin B (5'$ and
lipopolysaccharide (.25 in the NC/Nga mice results in a
ORZSURGXFWLRQRI,)1Ȗ7KHORZUHVSRQVHWR6(%ZDVDWW
ULEXWHGWRWKHODFNRI9ȕ7FHOOVDQG9ȕ1.FHOOVVLQFH
9ȕLVWKHPDLQELQGLQJUHFHSWRURI6(%LQPLFH7KHORZ
UHVSRQVHWR/36ZDVDWWULEXWHGWRODFNLQJ,/SURGXFWLRQ
by monocytes. Treatment of the mice kept in conventional
FRQGLWLRQV ZLWK ,)1Ȗ ,/ RU ,/ WZLFH D ZHHN IRU 
weeks ameliorated the disease (110), whereas injection of
,/QHXWUDOL]LQJDQWLERGLHVH[DFHUEDWHGWKHGLVHDVHLQWKH
PLFH  ,I67$7DFULWLFDOWUDQVFULSWLRQIDFWRUIRU,/
is removed from the mice, they interestingly still develop
WKHDWRSLFGHUPDWLWLVOLNHOHVLRQVEXWQRWWKHLQFUHDVHGV,J(
DQGV,/  $QREVHUYDWLRQZKLFKLVYHU\LQWHUHVWLQJ
in the light of the ongoing discussion of intrinsic vs. extrinsic
atopic dermatitis.
Furthermore, the NC/Nga mouse has an impaired skin
barrier, and a decreased content of ceramide in the skin as
described for atopic dermatitis patients (113). We showed
that the condition of the mice can be successfully treated
with topical steroids (96), whereas others have used tacroli
PXVK\GUDWH  DVWUDJDOLQ DÀDYLQRLGIURPSHUVLPPRQ
leaves) (115, 116). Clarithromycin (a macrolide antibiotic)
delays the onset of the condition (117). This may be due to the
DQWLEDFWHULDOHIIHFWEXWDVDQRWKHUPDFUROLGHUR[LWKURP\FLQ
has a downmodulating effect on Th2 cytokines and the Th2
receptor CCR4 on lymphocytes (118) this could also explain
WKHEHQH¿FLDOHIIHFWVRIWKHPDFUROLGHV%DVHGRQWKHKLVWROR
gical appearances of the lesions, the marked Th2 response in
the initial phase, followed by a more mixed Th2/Th1 response,
WKHLQFUHDVHGV,J(DQGWKHSUXULWLFQDWXUHRIWKHFRQGLWLRQ
we suggest that the NC/Nga mouse is an interesting and suf
¿FLHQWDQLPDOPRGHOIRUDWRSLFGHUPDWLWLV  
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THE CHEMOKINES
The chemokines are a family of small proteins that mediate che
PRWD[LVDFWLYDWLRQGLIIHUHQWLDWLRQDQGPDWXUDWLRQRIOHXFR
F\WHVDQGDUHWKXVLQYROYHGLQO\PSKRLGWUDI¿FNLQJZRXQG
healing, Th1/Th2 development, angiogenesis/angiostasis,
metastasis, cell recruitment, lymphoid organ development,
DQG LQÀDPPDWLRQ 7KH WHUP FKHPRNLQH LV GHULYHG IURP
chemotactic cytokine and was suggested in 1992 (120). Ho
wever, the names assigned to the different chemokines have
more or less been associated with their function, or method
of discovery, leading to Babylonian confusion when results
were published. Therefore, a new nomenclature has been in
troduced using the same numbers as for the chemokine genes.
Thus the CXC chemokines are named CXCL followed by the
appropriate number; the CC chemokines are named CCL and
so on (121). In this thesis, the chemokines studied will be
LQWURGXFHGE\WKHLUV\VWHPDWLFDQGROGQDPHV\HWGXHWRWKH
readability they will be referred to by their old names.
The chemokines are divided into four families depending
RQ WZR F\VWHLQH PROHFXOHV LQ WKH 1WHUPLQDO HQG RI WKHLU
DPLQRDFLGVWUXFWXUH7KXVWKHUHDUHWKH&;&WKH&&WKH
&;& DQG WKH &FKHPRNLQHV LQ ZKLFK & LV WKH F\VWHLQH
molecule in one letter code and X denotes any other amino
acid interposed between the cysteine residues (Fig. 4).
The chemokines bind to the chemokine receptors which are
WUDQVPHPEUDQDO*SURWHLQFRXSOHGUHFHSWRUV7KHUHFHSWRUV
are also divided into 4 families depending on the chemokines
they bind. The chemokine receptors may bind several dif

)LJ The chemokine families.

ferent chemokines, but only from within one family, as well
as the chemokines may bind to several different chemokine
receptors from the same family (122–125).
1RWDOOFKHPRNLQHVH[KLELWWKHVDPHGHJUHHRISURPLV
cuity, since some chemokines bind only to one or very few
chemokine receptors. The chromosomal location of these
chemokines may explain this phenomenon. The majority of
WKH&;&FKHPRNLQHVDUHFOXVWHUHGDWFKURPRVRPHT
ZKHUHDVWKHPDMRULW\RIWKH&&FKHPRNLQHVDUHFOXVWHUHGDW
FKURPRVRPHT\HWVRPH&&DQG&;&FKHPRNLQH
genes are located outside of these clusters, and they tend to
KDYHDKLJKHUVSHFL¿FLW\WKDQWKHFOXVWHUHGFKHPRNLQHV7KLV
PD\ UHÀHFW WKDW WKH FOXVWHUHG FKHPRNLQHV LQ HYROXWLRQDU\
WHUPVDUH\RXQJHUWKDQWKHQRQFOXVWHUHGFKHPRNLQHVDQG
it has been suggested that the clustered chemokines should
be considered as single entities (121).
The chemokine families are a fast growing group of
proteins, and to describe them all in detail is outside the
scope of this thesis, thus some general considerations on
the chemokines and their receptors will be made, and only
the chemokines and the chemokine receptors studied in this
WKHVLVZLOOEHGHVFULEHGLQGHWDLO )RUXSWRGDWHLQIRUPDWLRQ
on cytokines, chemokines and their receptors, the website
”www.copewithcytokines.de” is highly recommendable.)

THE CHEMOKINE FAMILIES
7KH&;&FKHPRNLQHVDUHIXUWKHUVXEGLYLGHGLQWR(/5DQG
QRQ(/5&;&FKHPRNLQHVEDVHGRQWKH(/5 JOXWDPDWHOHX
FLQHDUJLQLQH PRWLILQWKH1WHUPLQDOHQGRIWKHDPLQRDFLG
sequence (Fig. 4). The ELR group of chemokines are highly
chemotactic for neutrophils, but not for monocytes. The posi
WLRQRIWKH(/5PRWLIPXVWEHFORVHWRWKH1WHUPLQXVRIWKH
chemokine in order to have the neutrophil attracting activity
 7KLVLVGHPRQVWUDWHGE\WZRIRUPVRI,/D
aminoacid long version which has high neutrophil attracting
FDSDELOLW\ZKHUHDVDDPLQRDFLGORQJIRUPZKLFKKDV¿YH
H[WUDDPLQRDFLGVLQWKH1WHUPLQDOHQGHPEHGGLQJWKH(/5
motif, is 10 times less potent in attracting neutrophils (128,
 ,QDGGLWLRQWKH(/5JURXSKDVDQDQJLRJHQLFFDSDELOLW\
which is seen in tumor growth, pannus formation in rheuma
WRLGDUWKULWLVSVRULDVLVDQGLGLRSDWKLFSXOPRQDU\¿EURVLV 
 7KHQRQ(/5JURXSGRHVQRWKDYHFOHDUFXWFRPPRQ
characteristics, except for angiostatic capability (130).
7KH &&FKHPRNLQHV DWWUDFW PRQRF\WHV HRVLQRSKLOV
EDVRSKLOVQHXWURSKLOVDQGO\PSKRF\WHV  /LNHWKH&;&
chemokines they can be divided into two groups; the mono
F\WHFKHPRDWWUDFWDQWSURWHLQ 0&3 HRWD[LQJURXSLQZKLFK
the members have 65% or more homology, and the group
FRQWDLQLQJDOORWKHU&&FKHPRNLQHV   )LJ 7KH1WHU

TARC and CTACK; Two Pivotal Chemokines in Atopic Dermatitis
PLQDOSDUWRIWKH&&FKHPRNLQHVDOVRVHHPVWREHFUXFLDOIRU
their function although no clear motif like the ELR motif has
EHHQLGHQWL¿HG7KLVLVGHPRQVWUDWHGE\WKHIDFWWKDWDGGLWLRQ
RIDVLQJOHDPLQRDFLGLQWKH1WHUPLQDOHQGRI0&3UHVXOWV
in a 100–1000 fold reduced chemotactic potency (132, 133).
7KH&;&DQG&FKHPRNLQHIDPLOLHVDUHQRWZHOOH[DPL
QHG )LJ )UDFWDONLQHWKHRQO\NQRZQ&;&FKHPRNLQH
exists in a soluble form and as membrane bound on top of
a mucine like stalk (134). It mediates chemotaxis and cell
DGKHVLRQ  $7$& O\PSKRWDFWLQ DQG 6&0Į DUH WKH
members of the C chemokine group. They induce chemoki
nesis in CD4+ and CD8+ cells (136, 137).

THE CHEMOKINE RECEPTORS
The chemokine receptors are divided into four families depen
GLQJRQWKHFKHPRNLQHVWKH\ELQGWKXVWKHUHDUH&;&5
&&5 &;&5 DQG &5 FKHPRNLQH UHFHSWRUV 7KH
chemokine receptors are 7 transmembranal proteins bound
WR *SURWHLQV   DQG DV WKH QDPH LPSOLHV WKH\ KDYH 
intramembranal domains, connected through 3 intracellular
GRPDLQV DQG  H[WUDFHOOXODU GRPDLQV ZLWK WKH 1WHUPLQDO
HQG EHLQJ H[WUDFHOOXODU DQG WKH &WHUPLQDO EHLQJ LQWUDFHO
lular (124, 139). As described for CCR2 the chemokine is
ERXQGZLWKKLJKDI¿QLW\WRWKH1WHUPLQDOHQGRIWKHFKH
mokine receptor, which leads to a conformational change in
the molecule and brings the ligand into contact with a low
DI¿QLW\ELQGLQJVLWHRQWKHVHFRQGH[WUDFHOOXODUORRS 
141). Signalling is mediated through a highly conserved DRY
DVSDUWLFDFLGDUJLQLQHW\URVLQH VHTXHQFHRQWKHVHFRQGLQWUD
cellular loop (142). This is demonstrated through a mutation
of DRY to GGA in the CCR5 which abolishes intracellular
Ca2+ increase after stimulation (143). In contrast, changing D
to V leads to constitutive stimulation with an accumulation
of inositol phosphate (144). Furthermore, deletion of the
&WHUPLQDODPLQRDFLGVRI&&5DOVRDEROLVKHVWKHLQWUD
cellular increase of Ca2+ which is not the case if the last 32
aminoacids are deleted (143). Thus the intra cellular signalling
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seems to be dependent on at least two different sites; the DRY
VHTXHQFHLQWKHVHFRQGLQWUDFHOOXODUORRSDQGWKH&WHUPLQDO
end between amino acids 32 and 44.

THE CHEMOKINE RECEPTORS ARE DIFFERENTIALLY EXPRESSED ON TH1 AND TH2 LYMPHOCYTES
Initially it was demonstrated that CCR3 is expressed on
human Th2 cells (145). This was followed by a study which
showed that T cells stimulated to either a Th1 response
WKURXJK VWLPXODWLRQ ZLWK ,/ DQWL,/ DQG 30$ RU D
7KUHVSRQVHWKURXJKVWLPXODWLRQZLWK,/DQWL,/DQG
PMA, expressed chemokine receptors in a differential man
ner, and as a consequence migrated in response to different
chemokines. Through Northern blot it was documented that
Th1 cells preferentially express CXCR3 and CCR5 whereas
Th2 cells express CCR4 and to a lesser degree CCR3 (146).
The expression of CCR5 by Th1 was described at the same
time by Loetscher et al. (147), and the expression of CCR4
RQ7KFHOOVZDVFRQ¿UPHGE\,PDLHWDO  E\DQDO\VLQJ
WKH,)1ȖDQG,/H[SUHVVLRQLQ7FHOOVUHVSRQGLQJWRWKH
ligands for CCR4, TARC and MDC (see below). CCR4 and
CCR8 have also been shown to be upregulated on Th2 cells
XSRQ DFWLYDWLRQ  $GGLWLRQDOO\ ÀRZF\WRPHWULF DQG
1RUWKHUQ EORW DQDO\VLV RI 7FHOO FORQHV VWLPXODWHG LQ 7K
or Th2 direction have shown that Th1 cell express CXCR3
ZKHUHDV 7K FHOOV H[SUHVV &&5 DQG &&5   +RZ
HYHUYHU\WKRURXJKÀRZF\WRPHWULFDQDO\VLVRIFKHPRNLQH
receptor and interleukin expression in peripheral T cells have
VXJJHVWHGWKDWWKH7FHOOVXEVHWVVKRXOGEHFKDUDWHUL]HGE\
more than one chemokine receptor. Thus 88% of the Th1 cells
DUH&;&5&&5DQGRIWKH7KFHOOVDUH&;&5
CCR4+ (151) (Fig. 4). Some Th1 cells are expressing CCR5,
but this does not seem to be as important a marker as sug
gested initially and CCR3 does not seem to be expressed on
SHULSKHUDO7FHOOV)XUWKHUPRUHQRQGLIIHUHQWLDWHG7KFHOOV
seem to be expressing both CCR4 and CXCR3 (151, 152).
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EXPRESSION OF CHEMOKINES IN ATOPIC DERMATITIS SKIN

As described above, atopic dermatitis changes from a Th2
dominated disease in the acute phase, to a mixed Th1/Th2
disease in the chronic phase. As also described, Th2 lymp
hocytes express CCR4, making its ligands, thymus and acti
vation regulated chemokine (TARC) and monocyte derived
chemokine (MDC), interesting in the context of atopic der
PDWLWLV$QRWKHU&&FKHPRNLQHFXWDQHRXV7FHOODWWUDFWLQJ
FKHPRNLQH &7$&. ZKLFKLVVNLQVSHFL¿FDQGDWWUDFWVRQO\
VNLQKRPLQJFHOOVH[SUHVVLQJ&&5LVDOVRLQWHUHVWLQJLQ
WKHFRQWH[WRILQÀDPPDWRU\VNLQGLVHDVHV

7K\PXV DQG DFWLYDWLRQ UHJXODWHG FKHPRNLQH 7$5&
&&/ DQGPRQRF\WHGHULYHGFKHPRNLQH 0'&&&/
7$5&LVDQN'D&&FKHPRNLQHZKLFKLQLWLDOO\ZDVVKRZQ
to bind to T cells, but not to monocytes or granulocytes.
Furthermore, pertussis toxin inhibited the chemotactic effect
RI7$5&RQ7FHOOOLQHV  LQGLFDWLQJWKDWLWLVERXQGWR
D*SURWHLQFRXSOHGUHFHSWRU7KHJHQHIRU7$5&ZDVDV
signed to chromosome 16q13 (154), unlike the clustered CC
chemokines which are found on chromosome 17 (155). TARC
LV D KLJKO\ VSHFL¿F OLJDQG IRU &&5   DQG WKHUHIRUH
chemoattractive for Th2 cells (148).
MDC is an 8 kDa CC chemokine also located to chro
mosome 16 (157). MDC also binds to CCR4 (158, 159) and
thereby attracts Th2 lymphocytes. The production of MDC
LVLQGXFHGE\WKHW\SLFDO7KF\WRNLQH,/EXWQRWE\WKH
7KF\WRNLQH,)1ȖLQKXPDQPRQRF\WHV  

([SUHVVLRQRI7$5&E\EDVDONHUDWLQRF\WHV
7KHUROHRI7$5&DQG0'&LQDWRSLFGHUPDWLWLVZDV¿UVW
examined by us in the NC/Nga mouse (96). TARC is highly

expressed in keratinocytes as the mice develop the full blown
atopic dermatitis like condition (Fig. 3G). The expression is,
KRZHYHUSUHFHGHGE\DORZH[SUHVVLRQRI,)1Ȗ )LJ+ 
which is in accordance with results obtained by stimulation
of murine basal cell carcinoma (BCC) cells. These studies
VKRZHGWKDW,)1ȖDQG71)ĮDVZHOODV,/ȕZHUHDEOHWR
induce TARC production (96).
The expression of TARC by basal keratinocytes in atopic
GHUPDWLWLV OHVLRQV KDYH EHHQ FRQ¿UPHG LQ VHYHUDO VWXGLHV
by both in situ hybridisation and immunohistochemistry
(161–164). TARC is also expressed by keratinocytes in
RWKHU LQÀDPPDWRU\ VNLQ GLVHDVHV VXFK DV EXOORXV SHPSKL
goid (165), mycosis fungoides (166), and in keratinocytes
in atopic dermatitis in other species such as the dog (167)
and the cat (168).
Others have not been able to show expression of TARC
in the epidermis, but found it to be expressed in endothelial
cells of the dermal vessels (169, 170), whereas others report
expression in both the vessels and cells in the dermis (161,
171).
In our primary study of TARC expression in keratinocytes
in atopic dermatitis patients (164), 4 out of 7 biopsies showed
positive staining for TARC in the epidermis (see Fig. 8A). The
others studies, whether they showed positive staining of the
keratinocytes or not, also had a limited number of biopsies
(ranging from 2 to 7 except in one study in which 17 patients
were examined) (Table 1). In one study scales from bed linen
of atopic dermatitis patients were collected and TARC levels
were measured and compared with normal skin (from the sole
RI WKH IRRW  DQG VKRZHG WKDW7$5& ZDV DOVR VLJQL¿FDQWO\
upregulated in these scales (172).

Table I. 7KHFHOOXODUVRXUFHRIWK\PXVDQGDFWLYDWLRQUHJXODWHGFKHPRNLQH 7$5& LQWKHVNLQOHVLRQVRIDWRSLFGHUPDWLWLV $' 7KH
references describing TARC production in the skin are listed along with the number of biopsies examined and the method for detecting
7$5&LQWKHVWXG\7KHUHVXOWVDUHFODVVL¿HGDVSRVLWLYHRUQHJDWLYHVWDLQLQJRIWKHNHUDWLQRF\WHVDQGSRVLWLYHRUQHJDWLYHVWDLQLQJRI
GHUPDOYHVVHOVRURWKHUGHUPDOFHOOV
Reference

No. of biopsies

Method

7$5&H[SUHVVLRQLQNHUDWLQR TARC expression in dermal vessel
cytes.
or dermal other cells

Campbell et al., 1999.
Hijnen et al., 2004
Kakinuma et al., 2001.
Horikawa et al., 2002.
Uchida et al., 2002.
Vestergaard et al., 2000.
Zheng et al., 2003.

2
5
3+31
3
17
7
?

,QVLWXK\EULGLVDWLRQ
IHC
IHC
IHC
IHC
IHC
,QVLWX573&5

Negative
Negative
Positive
Positive
Positive
Positive/Negative2
Positive

The biopsies were from 3 patients with acute AD and 3 patients with chronic AD.
Of 7 biopsies 4 stained positive for TARC in the keratinocytes wheras 3 were negative.
,+&,PPXQRKLVWRFKHPLVWU\
1
2

Positive
Positive
Positive
Positive
Negative
Negative
Positive

TARC and CTACK; Two Pivotal Chemokines in Atopic Dermatitis
To investigate the importance of TARC as an in vivo medi
DWRURI7KLQÀDPPDWLRQZHLQMHFWHG7$5&LQWUDGHUPDOO\
LQ%$/%FPLFH:HIRXQGDGRVHGHSHQGHQWLQ¿OWUDWLRQLQ
the skin after 48 hours of CD3+CD4+ Th2 lymphocytes as
determined by mRNA analysis and immunohistochemistry
)LJ$DQG% ZKLFK\LHOGHGKLJKH[SUHVVLRQRI,/DQG
ORZH[SUHVVLRQRI,)1Ȗ7KH,/DQG,)1ȖUHVSRQVHZDV
DOVRGRVHGHSHQGHQWZKLFKPD\EHDUHÀHFWLRQRIWKHGRVH
GHSHQGHQWLQ¿OWUDWLRQE\WKHO\PSKRF\WHVVLQFHWKH\DUHWKH
main source of these cytokines (173).
Interestingly injection of TARC also induced TARC
production in the keratinocytes (173) (Fig. 5C). However,
injection of TARC did not induce any eczematous reactions
in our experiment. This may have two explanations; either
the experiment was not carried out long enough (more than
8 days) or other factors need to be present in the skin. Given
the complex nature of atopic dermatitis and eczema the likely
explanation is that one or another factor is missing in this
experimental setting.
6WUHVVLQJWKHVLJQL¿FDQFHRI7$5&LVWKHIDFWWKDW7$5&
is elevated in the serum of atopic dermatitis patients and cor
relates with disease severity and might thus be an indicator for
the severity of atopic dermatitis (169). In psoriasis patients
V7$5&OHYHOVDUHWKHVDPHRUORZHUWKDQLQKHDOWK\FRQWUROV
(166, 171) which is in line with the perception of psoriasis as
a Th1 dominated disease.
Individuals carrying a single nucleotide polymorphism
613 LQWKHSURPRWHUUHJLRQRIWKH7$5&JHQH &!7 
have a higher serum concentration of TARC than individu
als who do not (174). One study has shown that the SNP
&!7  LV DVVRFLDWHG ZLWK VHQVLWL]DWLRQ WR 'HUP 3WHronyssinus and cat, as well as high succeptibility to blood
eosinophilia and total serum IgE. Furthermore, a subgroup of
FKLOGUHQZLWKDVWKPDZLWKWKH613KDGVLJQL¿FDQWO\KLJKHU
TARC than children without the SNP (175). However, in
children with atopic dermatitis, no association with the SNP
can be found (176).

5HJXODWLRQRI7$5&SURGXFWLRQ
We, and others, have shown that TARC can be induced by
,)1ȖDQG71)ĮLQERWKNHUDWLQRF\WHVDQG+D&D7FHOOV DQ
immortalized keratinocytic cell line) (Fig. 6A) (164, 166, 171,
 7KHHIIHFWRI,)1ȖDQG71)ĮRQ7$5&SURGXFWLRQLQ
HaCaT cells has been shown by several others (178–181) but,
VXUSULVLQJO\WKHW\SLFDO7KF\WRNLQHV,/DQG,/KDYHDQ
inhibitory effect (178, 179, 181). This might be interpreted as
a counter regulatory mechanism as Th2 cytokines expressed
by Th2 lymphocytes inhibit expression of a Th2 mediating
chemokine from the keratinocytes.
,/D7KF\WRNLQHZKLFKLQKLELWVWKHSURGXFWLRQRI7K
cytokines (182, 183), is overexpressed in atopic dermatitis
VNLQOHVLRQVE\O\PSKRF\WHVDQGNHUDWLQRF\WHV  ,/
LVXVXDOO\GHVFULEHGDVDQDQWLLQÀDPPDWRU\F\WRNLQH 
  EXW VXUSULVLQJO\ ZH IRXQG WKDW ,/ DXJPHQWV WKH
7$5&LQGXFLQJHIIHFWRI,)1ȖDQG71)ĮLQ+D&D7FHOOV
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)LJ A) BALB/c mice were injected with TARC (0=saline, A=0,1
ug/ml TARC, B=1 ug/ml, C=10 ug/ml, D= 1ug/ml TARC+50 ug/ml
anti TARC, E=1 ug/ml TARC every second day for 8 days). The bars
shows the number of CD4 positive cells in the dermis (counted in
WKUHHFRQVHFXWLYH¿HOGVDWWLPHVPDJQL¿FDWLRQ n=5 for each
JURXS7KH UHVXOWV VKRZ D GRVH GHSHQGHQW LQ¿OWUDWLRQ RI WKH VNLQ
E\&'SRVLWLYHFHOOVZLWKDPD[LPXPDWXJPO7$5&% 57
PCR analysis of mRNA isolated from the skin of the mice in each
group (n=5 in each group). The primers used were directed against
,)1ȖDQG,/DQGWKHUHVXOWLVVKRZQDVWKH2' RSWLFDOGHQVLW\ 
ratio between the cytokine examined and GAPDH (glutaraldehyde
GHK\GURJHQDVH DQGVKRZVDGRVHGHSHQGHQWLQFUHDVHLQ,/P51$
H[SUHVVLRQ7KLVPD\EHGXHWRWKHGRVHGHSHQGHQWLQ¿OWUDWLRQRIWKH
skin by the lymphocytes. C) Shows a dose dependent increase in
7$5&DQG&7$&.P51$\HWVLJQL¿FDQWUHVXOWVZHUHRQO\REWDLQHG
for TARC. (*=p<0,05, **p<0,01).

but does not have a TARC inducing effect on its own (177).
7KH&WHUPLQDODPLQRDFLGVZKLFKKDYHEHHQFDOOHG,7
(187), is the biological active part in this process as it has the
same effect on TARC production as equimolar amounts of
,/7KXVZHFRQFOXGHGWKDW,/SURPRWHVWKHSURFHVV
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,)1Ȗ  )LQDOO\RQHJURXSFXOWXUHGNHUDWLQRF\WHV
until 4th passage in media containing, among other things,
hydrocortisone, after which they were changed into regular
PHGLDDQGVWLPXODWHGZLWK71)ĮDQG,)1ȖZKLFKGLGQRW
result in any TARC induction (189).
Thus the regulation and the ability of keratinocytes to
produce TARC in vitro is also a subject of debate, but the
results obtained should be related to the experimental con
ditions of each study.

'HQGULWLFFHOOVDQG7$5&SURGXFWLRQ
Dendritic cells are also able to produce TARC when stimula
WHGZLWK/36  WKH7KF\WRNLQH,/DQG71)Į  
ZKHUHDVWKH7KF\WRNLQH,)1ȖLQKLELWHGWKHSURGXFWLRQ$Q
interesting observation is the induction of TARC and MDC
production in the dermal CD11 positive dendritic cells by
the cytokine thymic stromal lymphopoitin (TSLP) (192).
76/3LVDQ,/OLNHSURWHLQ¿UVWGHVFULEHGDOPRVW\HDUV
ago (193) . TSLP stimulated dendritic cells activates naïve T
FHOOVWRSURGXFH7KF\WRNLQHVDQG71)ĮZKHUHDVWKH7K
cytokines are downregulated. Interestingly TSLP is produced
by epithelial cells, and especially by keratinocytes from atopic
dermatitis (192).

0'&LQDWRSLFGHUPDWLWLV

)LJA) TARC production i HaCaT cells after stimulation with
71)ĮDQG,)1Ȗ% SURGXFWLRQRI&7$&.LQNHUDWLQRF\WHVDIWHU
VWLPXODWLRQZLWK71)Į7$5&DQG0'&& 3FRQFHQWUDWLRQVRI
TARC and CTACK in 48 patients suffering from atopic dermatitis
$' 7KHFRUUHODWLRQFRHI¿FLHQWZDVIRXQGWREH S 
XVLQJ .HQGDOV 7 '  3FRQFHQWUDWLRQV RI &7$&. YV 6&25$'
Surprisingly this showed an inverse relationship between severity
DQGS&7$&.7KLVPLJKWEHGXHWRD¶WUHDWPHQWHIIHFW¶3OHDVHVHH
WH[WIRUGHWDLOV S16 QRQVLJQL¿FDQW

OHDGLQJWRD7KGRPLQDWHGLQÀDPPDWRU\SURFHVVLQWKHVNLQ
 7KLVFRQFOXVLRQLVVXSSRUWHGE\¿QGLQJVLQDPXULQH
PRGHOIRUDOOHUJLFGHUPDWLWLV,/NQRFNRXWPLFHVKRZHG
ODFN RI ,/ VHFUHWLRQ DV ZHOO DV ODFN RI ,J( SURGXFWLRQ
when challenged with dermal OVA which was not the case
in normal mice (188).
However, as with the cellular source of TARC in vivo, the
induction of TARC in cultured human keratinocytes is still
a matter of debate. In the above mentioned study (164) we
cultured keratinocytes from patients undergoing plastic sur
gery until 2ndSDVVDJHDQGVWLPXODWHGZLWK,)1ȖDQG71)Į
which resulted in TARC production. Others cultured neonatal
human keratinocytes and found that TARC mRNA expres
sion, but not TARC protein production, could be induced by

We showed that MDC is expressed continuously in the skin
of the NC/Nga mouse (Fig. 3H). When the lesions start to
develop in skin, MDC expression is upregulated on the mRNA
level. The cellular source of MDC in the lesions of the NC/
Nga mouse is dermal dendritic cells (Fig. 3F), as determined
E\LPPXQRKLVWRFKHPLVWU\ZLWKDQWL1/'& QRQO\PSKRLG
GHQGULWLFFHOO DQWL0+&,,DQGDQWL0'&DQWLERGLHV  
MDC is also produced by dermal dendritic cells in atopic
GHUPDWLWLVSDWLHQWVDQGE\VNLQLQ¿OWUDWLQJ7FHOOV  
However in atopic dermatitis patients MDC is produced by
WKH NHUDWLQRF\WHV DV ZHOO DQG LV LQGXFHG E\ ,)1Ȗ  
Thus, MDC seems to be a ‘household’ chemokine, which
XQGHUQRUPDOFRQGLWLRQVUHJXODWHVWKHWUDI¿FRIO\PSKRF\WHV
LQWRWKHVNLQDVSDUWRIWKHLPPXQRVXUYHLOODQFHEXWDOVRIXQF
WLRQVDVDQLQÀDPPDWRU\FKHPRNLQH$VZLWK7$5&V0'&
concentrations correlate with disease activity (194).

&XWDQHRXV 7FHOO DWWUDFWLQJ FKHPRNLQH &7$&.
&&/
&7$&. LV D  DPLQR DFLG ORQJ &&FKHPRNLQH ORFDWHG
RXWVLGHWKH&&FKHPRNLQHJHQHFOXVWHURQFKURPRVRPHS
,WLVH[SUHVVHG¿UVWDQGIRUHPRVWLQWKHVNLQDVGHWHUPLQHG
E\1RUWKHUQEORWDQDO\VLV  &7$&.ELQGVVSHFL¿FDOO\
to the chemokine receptor CCR10 (196). CTACK attracts
SULQFLSDOO\FXWDQHRXVO\PSKRF\WHDVVRFLDWHGDQWLJHQ &/$ 
skin homing T cells (see below) (195). CTACK is expres
VHGE\NHUDWLQRF\WHVLQLQÀDPPDWRU\VNLQGLVHDVHVVXFKDV
atopic dermatitis, psoriasis and contact dermatitis (197, 198).
One study using gene chip analysis has shown that CTACK
P51$H[SUHVVLRQLVVLJQL¿FDQWO\ORZHULQSVRULDVLVWKDQLQ
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atopic dermatitis skin and healthy skin (199). Injection of
CTACK in the skin of mice induced a lymphocyte dominated
LQÀDPPDWLRQZKHUHDVDQWL&7$&.DQWLERGLHVUHGXFHGWKH
LQÀDPPDWRU\ UHDFWLRQ VHHQ LQ D FRQWDFW GHUPDWLWLV PXULQH
model, suggesting that CTACK holds a pivotal role as a medi
DWRU RI FXWDQHRXV LQÀDPPDWLRQ   6FRQFHQWUDWLRQV RI
CTACK also correlates with the severity of atopic dermatitis
(200). Furthermore, we and others have shown that CTACK
LVLQGXFHGLQNHUDWLQRF\WHVE\,/ȕDQG71)Į 
201). We also showed that injecting TARC intradermally
into mice led to induction of CTACK mRNA production
  )LJ% D¿QGLQJZKLFKFDQEHUHSURGXFHGin vitro
LQNHUDWLQRF\WHVSUHVWLPXODWHGZLWK71)Į   )LJ% 
CTACK is also upregulated in the skin of piglets infected
with 6+\LFXV (202).

THE INTERDEPENDENCE OF TARC, MDC, AND
CTACK
The different stimuli of TARC, MDC and CTACK are shown
LQ)LJ7KHVLJQL¿FDQWUROHRIWKHVHWKUHHFKHPRNLQHVLV
UHÀHFWHGE\WKHIDFWWKDWWKH\DOOFRUUHODWHZLWKGLVHDVHVHYHULW\
in atopic dermatitis (162, 198, 203), and the interdependence
of these chemokines in atopic dermatitis is stressed by the
fact that TARC correlates with MDC (162) and CTACK
(201) (Fig. 6C), and CTACK with MDC (200). However, in
our report (201) a negative correlation between CTACK and
disease severity was observed (Fig. 6D). However our patients
were all receiving treatment, and the more severe the disease,
the more intense the treatment, and therefore the negative cor
UHODWLRQFRXOGDFWXDOO\UHÀHFWWKHHIIHFWRIWKHWUHDWPHQW,WKDV
been shown that TARC decreases when the patients improve
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  ZKLFK VXSSRUWV RXU ¿QGLQJV ,Q RWKHU VNLQ GLVHDVHV
the serum levels of TARC (mycosis fungoides and bullous
pemphigoid) and CTACK (psoriasis) are also increased (165,
166, 198). In contrast, TARC is not increased in serum from
psoriasis patients (166). As mentioned above TARC and MDC
is able to induce CTACK production in keratinocytes (173,
201) and this could indicate that TARC drives Th2 dominated
LQÀDPPDWLRQDQGDOVRLQGXFHVDPL[HGO\PSKRF\WLF7K7K
LQÀDPPDWRU\UHDFWLRQDQGWKHUHE\FRQWULEXWHVWRWKHVKLIWLQ
the Th1/Th2 balance in the skin.

&&5DQG&&5WKHUHFHSWRUVIRU7$5&0'&DQG
&7$&.
$V GHVFULEHG DERYH 7$5& 0'& DQG &7$&. DUH RYHU
expressed in atopic dermatitis skin. TARC and MDC attract
Th2 lymphocytes and CTACK attracts skin homing lympho
cytes through the CCR4 and CCR10 receptors respectively.
As already described chemokine receptors mediate chemotax
is of cells which is migration of cells along a concentration
gradient towards the higher concentrations. However, several
more steps are involved in the process of cell migration in
WKHLQÀDPPDWRU\SURFHVV

&HOOWUDI¿FNLQJ
The lymphocytes circulate between the different organs of the
body, the lymphnodes , the lymphatic vessels and the blood,
which ensures that the lymphocytes are able to encounter any
foreign antigen that may enter the body. If an antigen enters
the body the lymphocytes, along with other leucocytes, ac
cumulate at the site of infection in the process known as in
ÀDPPDWLRQ7KLVSURFHVVLVFRQWUROOHGE\LQWULFDWHPROHFXODU
signals which control cell movement, cell activation and the
SHUPHDELOLW\RIWKHYHVVHOVLQWKHLQÀDPHGDUHD7KHSURFHVV
by which the leucocytes, including the lymphocytes, enter an
RUJDQFDQEHGHVFULEHGLQDWKUHHVWHSPRGH  
1) Tethering and rolling
2) Activation
3) Firm adhesion
This process of rolling is mediated by a family of proteins
NQRZQDVWKHVHOHFWLQHV /(DQG3VHOHFWLQHV   
Activation of the leucocytes can be mediated by a variety of
molecules and among these the chemokines. The activation of
the leucocytes leads to upregulation of the adhesion molecules
belonging to the family of integrines which mediate the next
VWHSNQRZQDV¿UPDGKHVLRQ  

&XWDQHRXVO\PSKRF\WHDVVRFLDWHGDQWLJHQ &/$

)LJFactors stimulating and inhibiting TARC and CTACK pro
duction in keratinocytes.

In the skin lesions of mycosis fungoides 85% of the invading
O\PSKRF\WHVH[SUHVVHGDQLVRIRUPRI3VHOHFWLQ&/$ZKLFK
was also found to be expressed on the malignant cells, but
QRW RQ PDOLJQDQW FHOOV RI QRQFXWDQHRXV SHULSKHUDO 7FHOO
lymphomas (208), nor on lymphocytes in any other organ
WKDQWKHVNLQ  &/$ELQGVWRDOHFWLQHQGRWKHOLDOFHOO
OHXFRF\WH DGKHVLRQ PROHFXOH  (/$0   ZKLFK LV
expressed by endothelial cells of the cutaneous venules
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(211). The expression of CLA on lymphocytes is believed to
be due to micro environmental factors in the skin draining
lymphnodes or in the skin it self where the cells are activated
 $QH[DPSOHRIWKLVLVWKHDELOLW\RI,/WRLQGXFH
&/$RQ7O\PSKRF\WHV,/LVSURGXFHGE\PRQRF\WHVLQ
the skin after stimulation with superantigens from 6DXUHXV
(44) and may thus contribute to the attraction of T cells in
atopic dermatitis. Furthermore, when T cells are isolated from
patients suffering from atopic dermatitis, only the CLA posi
tive T lymphocytes proliferate in response to house dust mite
antigen, towards which atopic dermatitis patients are often
sensitized. However, if the patients also suffer from astma,
both CLA positive and CLA negative T cells proliferate in
response to house dust mite antigens (213). In addition CLA
positive cells from patients with allergic contact dermatitis
to nickel responded towards nickel which was not the case
for CLA positive cells from atopic dermatitis patients (213).
/DVWO\&/$SRVLWLYH7FHOOVRIWHQH[SUHVVWKH9ȕUHDUUDQJH
ment appropriate to staphyloccal superantigens produced by
the bacteria often colonizing the skin (40). CLA is not the
only molecule mediating binding to the vascular endothelium
in the skin, however it only mediates binding to the endothe
lium in the skin.

&&5DQG&&5H[SUHVVLRQRQO\PSKRF\WHVLQDWRSLF
dermatitis
CCR4 is expressed by CLA positive skin homing cells, but not
E\WKHĮȕSRVLWLYH7FHOOVERXQGIRUWKHLQWHVWLQDOPXFRVD
+RZHYHU VRPH 7 FHOOV H[SUHVVLQJ QHLWKHU &/$ QRU Įȕ
also express CCR4 (170), and may be involved in pulmonary
LQÀDPPDWLRQ  :HVKRZHGWKDWWKHOHYHORI&&5
expression on CD4 positive T cells is upregulated in atopic
dermatitis patients (164) (Fig. 8B). The level of CCR4 expres
VLRQDOVRUHÀHFWVWKHVHYHULW\RIDWRSLFGHUPDWLWLV  7KXV
CCR4, considering the fact that its ligands TARC and MDC
are overexpressed in the skin, seems to hold a central role in
the attraction of Th2 positive cells into atopic dermatitis skin
lesions. We, and others, have found CCR4 to be expressed by
the T cells in the lesional skin of atopic dermatitis as shown
by immunohistochemistry (88, 163, 164, 216) and by in
situ573&5  7KHVDPH¿QGLQJKDVDOVREHHQPDGHLQ
canine atopic dermatitis (217). Interestingly, both TARC and
MDC stimulation of lymphocytes lead to internalisation of
CCR4 (218), which may represent a mechanism for retaining
PLJUDWHGO\PSKRF\WHVDWWKHVLWHRILQÀDPPDWLRQ7KHVWDS
hylococcal superantigen SEB induces up regulation of CCR4
on lymphocytes from atopic dermatitis patients, but not on
lymphocytes from healthy patients in which they upregulate
CXCR3. Correspondingly Th2 cytokines are induced by
SEB in lymphocytes from atopic dermatitis patients and Th1
cytokines in lymphocytes from healthy controls (218).
CTACK, which is expressed by the keratinocytes in atopic
GHUPDWLWLVOHVLRQVDWWUDFWV&/$SRVLWLYHPHPRU\ &'52
positive) CD4 positive and CD8 positive T cells but not CLA
QHJDWLYHRUQDwYH &'5$SRVLWLYH 7FHOOV  8VLQJ

ÀRZF\WRPHWU\LWZDVGHWHUPLQHGWKDWQRWDOO&/$SRVLWLYH
cells, but only a subset expressed CCR10 (197). Further
characterization of these cells shows that a small subset of
µHIIHFWRUFHOOV¶&'&'5$&/$&&5&'&&5
all express CCR10, whereas only 30% of the CD4+CLA+ T
cells express CCR10 (219).
CD27 is a receptor of the tumor necrosis factor receptor
family and is expressed along with the chemokine receptor
CCR7 on virtually all naïve T cells, whereas the cells lacking
the expression of these markers contains the group of cells
which have recently encountered antigens and respond more
quickly to antigens than other T cells (220–222). It has been
suggested that this particular group of CLA+ T lymphocytes
may coordinate the response in the skin by the rest of the
CLA+ T cells (219).
The close relation between CCR4 and CCR10 positive
cells are further demonstrated in an animal experiment using
&&5NQRFNRXWPLFH&&5GH¿FLHQW7FHOOVZHUHDEOHWR
PLJUDWHLQWRLQÀDPHGVNLQDSURFHVVZKLFKFRXOGEHEORFNHG
by CTACK antibodies, whereas the migration of wildtype
CCR4 expressing T cells were unaffected by CTACK antibo
GLHV  :KHQH[DPLQLQJO\PSKRF\WHVLQEOLVWHUÀXLGIURP
delayed type hypersensitivity reactions induced by Candida
H[WUDFWVWKHPDMRULW\RIWKHVNLQLQ¿OWUDWLQJO\PSKRF\WHVDUH
CLA+CCR4+ and only approximately 10% express CCR10
in accordance with the expression pattern in the peripheral
blood (219). When we examined the CCR4 and CCR10 ex
pression in lesional atopic dermatitis skin (Fig. 8C and F) 27%
of the T cells expressing either CCR4 or/and CCR10 were
double positive. Furthermore 70,6 % of the cells were only
CCR4 positive and 2,2 % were only CCR10 positive (88).
This supports the above mentioned results and indicates that
DWOHDVWWKUHHVXEVHWV &&5&&5&&5&&5DQG
&&5&&5 DUHLQYROYHGLQFXWDQHRXVLQÀDPPDWLRQ$W
the same time the CCR10 positive cells were found to express
ERWK,/DQG,/ )LJ'DQG( LQGLFDWLQJWKDWWKH\ZHUH
both Th1 and Th2 cells (88) and suggesting that Th2 cells
can be divided in at least two subpopulations, CCR10+ and
&&5 DVWKHPDMRULW\RI&&5SRVLWLYHFHOOVDUH&&5
negative).
When we examined psoriasis skin CCR10 positive cells
GLGQRWH[SUHVV&&5QRUGLGWKH\H[SUHVV,/ZKLFKLVLQ
line with the understanding of psoriasis as a Th1 dominated
disease (88). Other investigators have found very few CCR4+
cells in psoriasis (163), and some describe expression of
CCR4 on perivascular CD3 positive T cells in psoriasis skin
(224). Others again have described CCR4 expression on T
cells isolated from the epidermis of psoriasis lesions (225),
yet in immunohistochemical stainings of psoriasis no CCR4
positive cells (163), or only very few has been observed (224)
in the epidermis. The differences in these observations may
be due to the very low number of patients examined or one
may speculate if the expression level of CCR4 is lower on
lymphocytes in psoriasis skin making the detection more dif
¿FXOW7$5&FRQFHQWUDWLRQVLQWKHVHUXPRISVRULDVLVSDWLHQWV
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are not higher than in healthy controls (166, 171), and taken
together with the observations described above this indicates
that TARC and CCR4 plays a minute, if any role part in the
pathogenesis of psoriasis.

MONOCYTES, MONOCYTE CHEMOTACTIC
PROTEIN 1 (MCP-1/CCL2) AND, CCR2 IN ATOPIC
DERMATITIS SKIN LESIONS

)LJA) An atopic dermatitis lesion stained for TARC (brown).
The TARC positive keratinocytes are mainly seen in the basal layer
of the epidermis. B) Flowcytometric analysis of lymphocytes from
atopic dermatitis patients and healthy controls. The staining shown
here is CCR4 on lymphocytes gated positive for CLA. The number
of CCR4 positive CLA positive cells is higher in atopic dermatitis
SDWLHQWV QR ¿OOLQJ  WKDQ LQ KHDOWK\ FRQWUROV JUD\ ¿OOLQJ  & $Q
atopic dermatitis lesion stained for CCR10 (red). The CCR10
positive cells are seen located throughout the dermis. D) An atopic
GHUPDWLWLVOHVLRQVWDLQHGDJDLQVW,/ EURZQ DQG&&5 UHG   
VLQJOHSRVLWLYHIRU,/ GRXEOHSRVLWLYHIRU,/DQG&&5 
E) An atopic dermatitis lesion stained against CCR10 (red) and
,/ EURZQ    VLQJOH SRVLWLYH IRU &&5 GRXEOH SRVLWLYH
IRU&&5DQG,/DQG VLQJOHSRVLWLYHIRU,/ ) $QDWRSLF
GHUPDWLWLVOHVLRQVWDLQHGIRU&&5 UHG DQG&&5 EURZQ   
single positive for CCR10, *= double positive for CCR10 and CCR4,
and += single positive for CCR4).

Monocytes make up a large proportion of the cells invading
the skin in atopic dermatitis lesions, where they are able
to differentiate into macrophages and act as antigen pre
senting cells (23). The circulating monocytes express the
&&FKHPRNLQH UHFHSWRU &&5   ZKLFK ELQGV 0&3
(227). CCR2 is pivotal for the attraction of monocytes into
LQÀDPHGWLVVXH  DQGODFNRI&&5H[SUHVVLRQRQ
the monocytes impairs their ability to adhere to endothelium
and to clear certain intra cellular infections (/0RQRF\WRgenes). Furthermore lack of CCR2 leads to a decreased Th1
response due to a decreased ability of the Langerhans’ cells
to relocate to the draining lymph nodes, decreased ability
of the monocytes/macrophages to act as antigen presenting
cells, and decreased invasion by monocytes into allogenic
transplants (231). CCR2 has also been described as pivotal
IRUWKHPLJUDWLRQRIPRQRF\WHVPDFURSKDJHVLQWRWKHDWKHUR
sclerotic lesions (232), and CCR2 expression is found on
PRQRF\WHVLQLQÀDPHGV\QRYLXP
0&3 &&/  PRQRF\WHFKHPRWDFWLFSURWHLQ LVD
N'D&&FKHPRNLQHDOVRNQRZQDV0&$) PRQRF\WHFKHPR
DWWUDFWLQJIDFWRU DQGZDV¿UVWGHVFULEHGLQ  
as a chemokine which attracted and activated monocytes to
WXPRULFLGDODFWLYLW\0&3LVH[SUHVVHGE\NHUDWLQRF\WHVLQ
both atopic dermatitis and psoriasis (235–237), and we and
RWKHUVIRXQGWKDW,)1ȖDQG71)ĮLVDEOHWRLQGXFHWKHSUR
duction in a dose dependent manner in vitro (87, 238, 239).
)XUWKHULQGLFDWLQJDUROHIRU0&3LQDWRSLFGHUPDWLWLVLV
WKHIDFWWKDWVHUXPFRQFHQWUDWLRQVRI0&3DUHLQFUHDVHGLQ
atopic dermatitis (240).
We, and others, found that CCR2 is expressed by virtually
all circulating monocytes (CD14 positive cells) (89,9%). We
also found that monocytes in atopic dermatitis and psoriasis
SDWLHQWVKDGDVOLJKWEXWVLJQL¿FDQWRYHUH[SUHVVLRQRI&&5
(87, 241) (Fig. 9A and B).
Macrophages (CD163 positive cells) located close to the
dermal vessels in the skin lesions of atopic dermatitis and
psoriasis also express CCR2, but the expression decreases
as the monocytes move farther away from the vessels (87).
7KLVPD\EHGXHWRWKHHIIHFWRI,)1ȖZKLFKGRZQUHJXODWHV
the expression of CCR2 on monocytes/macrophages and thus
have a retaining effect on the cells once they have reached
their target organs (242). A similar result has been observed
in rheumatoid arthritis in which 84% of the circulating mo
nocytes express CCR2 and only 24% of the monocytes in
V\QRYLDOÀXLGH[SUHVV&&5  

22

Christian Vestergaard

)LJVKRZVÀRZF\WRPHWULFDQDO\VLVRIPRQRF\WHV7KHPRQRF\WHVLGHQWL¿HGRQWKHLUH[SUHVVLRQRI&' ¿UVWFROXPQ 7KHVHZHUH
positively gated and their expression of CCR2 was measured (column 2). Column three shows a double histogram with both CD14 and
CCR2. B) shows the average percent CCR2 positive CD14 positive cells in healthy controls (norm), atopic dermatitis patients (AD) and
psoriasis patients (Psoriasis). The result is an average of n=5 (healthy controls), n=6 (atopic dermatitis) and n=7 (psoriasis).
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7KXV0&3DQG&&5VHHPWREHSLYRWDOLQDWWUDFWLQJ
monocytes to the skin, and other organs, and in the sense that
CCR2 is down regulated once they reach their target organs,
also in retaining the monocytes in their target organs.

CHEMOKINES AND KERATINOCYTES
&KHPRNLQHSURGXFWLRQ
$VDOUHDG\GHVFULEHGWKHNHUDWLQRF\WHVSURGXFHVWKHFKHPR
NLQHV7$5&0'&&7$&.DQG76/3DQGWKHUHE\FRQWUL
EXWHVWRWKHLQÀDPPDWRU\UHDFWLRQLQWKHVNLQ7KHIDFWWKDW
NHUDWLQRF\WHVPHGLDWHVLQÀDPPDWLRQLVQRWQHZ,QDUHYLHZ
IURP  WKHSURGXFWLRQRI,/,/,/0&3
DQG ,&$0 E\ NHUDWLQRF\WHV LV GHVFULEHG /DWHU FKHPR
NLQHV VXFK DV 5$17(6 0,3Į 0,3ȕ DQG HRWD[LQ DUH
also described in keratinocytes from patients with atopic
dermatitis (244). An interesting fact is that the keratinocytes
from patients with psoriasis and from patients with atopic
GHUPDWLWLVVKRZDGLVWLQFWFKHPRNLQHSURGXFWLRQSUR¿OHLQ
UHVSRQVHWRYDULRXV7FHOOVWLPXOL7KXVNHUDWLQRF\WHVIURP
DWRSLF GHUPDWLWLV SDWLHQWV VKRZHG D VLJQL¿FDQW DQG KLJKHU
5$17(6 SURGXFWLRQ LQ UHVSRQVH WR71)Į WKDQ NHUDWLQR
cytes from psoriasis patients. In contrast keratinocytes from
SVRULDVLVSDWLHQWVKDGVLJQL¿FDQWO\KLJKHUSURGXFWLRQRI,/
0&3 DQG ,3 LQ UHVSRQVH WR71)Į DQG ,)1Ȗ  
indicating that the keratinocytes, through interaction with the
LQÀDPPDWRU\FHOOVSOD\DPDMRUUROHLQGHWHUPLQLQJWKHQDWXUH
RIWKHLQÀDPPDWRU\UHDFWLRQLQWKHVNLQ2QWKHRWKHUKDQG
keratinocytes from different skin diseases have, as described
above, different potential to produces cytokines. Whether
this is due to ‘priming’ during the course of the disease or to
genetic difference remains unknown.
7KHNHUDWLQRF\WHVLQDWRSLFGHUPDWLWLVDOVRXQGHUJRDSRS
tosis leading to the characterstic epidermal spongiosis (245).
This reaction is mediated through interaction between the Fas
ligand secreted by the T cells and the Fas receptor expressed
E\NHUDWLQRF\WHV)DVUHFHSWRUH[SUHVVLRQLVLQGXFHGE\,)1Ȗ
and once the number of receptors expressed reaches a critical
size (app. 40.000) the keratinocytes become succeptible to
DSRSWRVLV  'XULQJDSRSWRVLVFOHDYDJHRI(FDGKHGULQHV
which are responsible for epidermal continuity of keratino
cytes, leads to the characteristic spongioform appearance of
the atopic dermatitis lesions (247).

&KHPRNLQHUHFHSWRUVRQNHUDWLQRF\WHV
Keratinocytes do not only produce chemokines, they also
express chemokine receptors and are thus able to respond
to stimuli mediated through chemokines. The main research
of chemokine receptor expression by keratinocytes has been
FRQFHQWUDWHGRQWKHUHFHSWRUVIRUWKH&;&FKHPRNLQH,/
CXCR1 and CXCR2, which is known to regulate growth
and differentiation of the keratinocytes. CXCR2 is expressed
on the suprabasal keratinocytes in psoriasis lesions whereas
CXCR1 is not (248). UVB irradiation of cultured keratino
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F\WHVUHVXOWVLQVLJQL¿FDQWGHFUHDVHLQWKHOHYHOVRI&;&5
expression, whereas CXCR1 is expressed continuously, and
if healthy skin is subjected to 2 minimal erythema doses of
UVB light, the same effect can be seen. In this study a faint
staining for CXCR1 could be detected (249). CXCR2 also
plays a role in wound healing. Experiments with CXCR2
knockout mice have shown that not only the recruitment of
leukocytes to the wound, but also epithelial resurfacing of
NHUDWLQRF\WHVLVGHSHQGHQWRQ&;&5  7KH&&FKHPR
kine receptor CCR3, which binds the chemokines RANTES
and eotaxin, is also expressed in keratinocytes. ,QYLWUR ex
periments shows that CCR3 is upregulated by RANTES but
QRW,/DQG,)1ȖDQGLPPXQRKLVWRFKHPLFDOVWDLQLQJVRI
skin biopsies have shown high expression in keratinocytes in
DWRSLFGHUPDWLWLVOHVLRQV  ([SUHVVLRQRI&&5RQ
HaCaT cells correlates inversely with the density of the cell
culture (253) indicating that chemokine receptor expression
on keratinocytes depends, at least in cell cultures, on intercel
lular mechanisms. As already described we found that TARC
LV DEOH WR DXJPHQW 71)Į LQGXFHG &7$&. SURGXFWLRQ LQ
keratinocytes in a dose dependent manner. Furthermore MDC
was able to induce the same effect suggesting that CCR4 is
expressed on keratinocytes. Using immunohistochemistry,
573&5DQGZHVWHUQEORW&&5ZDVIRXQGWREHH[SUHVVHG
RQERWK71)ĮVWLPXODWHGDQGQRQVWLPXODWHGNHUDWLQRF\WHVin
vitroDOWKRXJK71)ĮLQGXFHG&&5P51$SURGXFWLRQWKXV
explaining why TARC is able to stimulate keratinocytes, but
QRWZK\71)ĮLVQHHGHGLQUHVSHFWWR&7$&.SURGXFWLRQ
(201). This may be due to some intra cellular activation of the
CCR4 receptor signalling pathway, but the exact mechanism
still remains to be elucidated. We also found that CCR4 was
expressed by keratinocytes in some, but not all, skin biopsies
from atopic dermatitis lesions. This was not demonstrated in
any of the earlier publications, but that may be due to new,
and perhaps, better monoclonal antibodies. However, if the
work of Wakugawa et al. (216) is examined closely, keratino
cytes in the basal layer of atopic dermatitis lesions in CCR4
stainings actually stain positive, yet this is not commented
by the authors.

REGULATION OF CTACK TRANSCRIPTION IN
THE SKIN
As described CTACK is overexpressed by keratinocytes in
LQÀDPHGVNLQ$ZHOONQRZQUHJXODWRURIFKHPRNLQHVDVZHOO
DV SURLQÀDPPDWRU\ F\WRNLQHV DGKHVLRQ PROHFXOHV 0+&
SURWHLQV DQG DSRSWRVLV LV WKH WUDQVFULSWLRQ IDFWRU 1)ț%
ZKLFKLVH[SUHVVHGXELTXLWRXVO\LQDOOWLVVXHV1)ț%ELQGV
WRVSHFL¿Fț%VHTXHQFHVLQWKHSURPRWHUUHJLRQVRIVHYHUDO
JHQHV DQG PHGLDWHV WUDQVFULSWLRQ ±  1)ț% ZDV
¿UVWGHVFULEHGE\'%DOWLPRUHLQDVDUHJXODWRURIWKH
WUDQVFULSWLRQRIWKHNDSSDOLJKWFKDLQRIWKHLPPXQRJOREXOLQV
 +RZHYHUODWHUVWXGLHVKDYHVKRZQWKDW1)ț%UHJXODWHV
other functions as mentioned above.
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1XFOHDU)DFWRUț% 1)ț%
1)ț%LVDGLPHULFWUDQVFULSWLRQIDFWRUIRUPHGE\KRPRRU
KHWHURGLPHUL]DWLRQRIWKH¿YH5HOIDPLO\SURWHLQV5HO$ S 
RelB, cRel, p52 and, p50 (258). The Rel proteins contain a
KLJKO\FRQVHUYHG1WHUPLQDODPLQRDFLGVHTXHQFHWKH5HO
homology domain (RHD) (259). The Rel family is divided into
WZRFODVVHVEDVHGRQWKHLUDPLQRDFLGVHTXHQFH&WHUPLQDOWR
WKH5+'5HO$ S F5HODQG5HO%EHORQJWRWKH¿UVWFODVV
DQGDUHFKDUDFWHUL]HGE\DQDFWLYDWLRQGRPDLQ&WHUPLQDOWR
the RHD. The second class, p52 and p50, is characterized by
DQN\ULQUHSHDWVVLPLODUWRWKRVHRIWKH,ț%¶V  7KH¿UVW
cloning of p52 and p50 revealed mRNA coding for proteins
which were approximately 105 kDa and 100 kDa respectively.
However, it was later demonstrated that these proteins were
FOHDYHGSRVWWUDQVODWLRQDOO\UHVXOWLQJLQSDQGS  
1)ț% ELQGV VHOHFWLYHO\ WR D FRQVHQVXV VHTXHQFH NQRZQ
DV WKH ț% VHTXHQFHV LQ WKH SURPRWHU UHJLRQV RI JHQHV
XQGHULWVFRQWURO7KHț%VHTXHQFHLV* 7 **511<<&
(T)C (T=thymine, G=guanine, C=Cytosine, R=purine,
Y=pyrimidine and N=any base) (261).
1)ț%LVVLWXDWHGLQWKHF\WRSODVPRIUHVWLQJFHOOVZKHUHLW
LVUHWDLQHGWKURXJKELQGLQJWRRQHRIWKHPHPEHUVRIWKH1)
ț%LQKLELWRUSURWHLQIDPLOLHVZKLFKDUH,ț%Į,ț%ȕ,ț%Ȗ
,ț%İ%FODQGWKHSUHFXUVRUVRIWKH5HOSURWHLQVSDQG
p105 (259). This is mediated through interaction between the
5+'DQGWKHDQN\ULQUHSHDWVZKLFKFKDUDFWHUL]HVWKH,ț%
family (262). When an appropriate stimuli reaches the cell,
HJ71)ĮELQGVWRLWVUHFHSWRUWKH,ț%NLQDVHV ,.. DUH
DFWLYDWHG  DQGSKRVSKRU\ODWHVWKH,ț%SURWHLQVOHDGLQJ
WRGHJUDGDWLRQRIWKH,ț%SURWHLQDQGUHOHDVHDQGUHORFDWLRQ

WRWKHQXFOHXVRI1)ț%ZKLFKELQGVWRWKHț%VHTXHQFHLQ
the promoter regions of the appropriate genes and induces
transcription (263, 264). The IKK’s consists of two catalytic
VXEXQLWV ,..Į DQG ,..ȕ DV ZHOO DV D UHJXODWRU\ VXEXQLW
,..Ȗ    ,QWHUHVWLQJO\ SURLQIODPPDWRU\ VWLPXOL
OHDGLQJWRSKRVSKRU\ODWLRQRI,ț%DUHVROHO\GHSHQGHQWRQ
,..ȕ   )LJ 
$FWLYDWLRQ RI JHQH WUDQVFULSWLRQ WKURXJK 1)ț% LV WKXV D
PDWWHU RI PLQXWHV VLQFH QR QHZ V\QWKHVLV RI 1)ț% XSRQ
stimulation of the cells is needed. Interestingly, transcription
RI,ț%ĮLVXQGHUWKHFRQWURORI1)ț%WKHUHE\SURYLGLQJD
negative feedback loop.

&7$&.DQG1)ț%
71)ĮLQGXFHVDFWLYLW\RI1)ț%DQGSURGXFWLRQRI&7$&.
in keratinocytes which led us to the hypothesis that production
RI&7$&.LVXQGHUWKHFRQWURORI1)ț%6RGLXPVDOLF\ODWH
66&   3KHQ\ODUVLQHR[LGH 3$2   DQGGLFKOR
URLVRFRXPDULQH '&,&   DUHQRQVSHFL¿FLQKLELWRUVRI
1)ț%DVWKH\DFWRQGLIIHUHQWOHYHOVRIWKH1)ț%DFWLYDWLRQ
pathway. When we incubated keratinocytes with either of
these compounds it resulted in a down regulation of CTACK
H[SUHVVLRQE\NHUDWLQRF\WHVVWLPXODWHGZLWK71)Į:KHQ
we used antisense oligonucleotides directed against the p65
DQGSVXEXQLWVRI1)ț%LQNHUDWLQRF\WHV )LJ$%
&DQG' 71)ĮLQGXFHG&7$&.SURGXFWLRQZDVEORFNHG
almost completely (75%–80%) (269). These results indicate
WKDWWKH1)ț%KHWHURGLPHUSSLVWKHPDLQWUDQVFULSWLRQ
factor for CTACK, and further substantiating this, is the fact
WKDW ZH IRXQG WKUHH UHJLRQV FRQWDLQLQJ WKH ț%VLWH LQ WKH
promoter region of CTACK.
6LQFHWKHGUXJVXVHGWRWUHDWLQÀDPPDWRU\VNLQGLVHDVHV
such as glucocorticoids (270), cyclosporine A (271), and
SHUKDSV DQWL71)ĮDQWLERGLHV   LQKLELWV 1)ț% RQH
possible mechanism for their ameliorating effect could be
inhibition of CTACK production. Yet other mechanisms and
inhibition of other cytokines and chemokines are probably
also responsible.

1)ț%DQGDWRSLFGHUPDWLWLV

)LJ$VLPSOL¿HGDQGVFKHPDWLFUHSUHVHQWDWLRQRIWKHDFWLYDWLRQ
RI1)ț%2QFHDVWLPXOLDUULYHVDWWKHPHPEUDQHLWDFWLYDWHVWKH
,ț%NLQDVHVWKRUXJKSKRVSKRU\ODWLRQ7KLVLQWXUQOHDGVWRSKRVSKR
U\ODWLRQRI,ț%ZKLFKLVERXQGWR1)ț%DQGNHHSVLWLQDFWLYHDQG
LQWKHF\WRSODVPD2QFHSKRVSKRU\ODWHG,ț%LVVHTXHVWHUHGDQG1)
ț%LVUHORFDWHGWRWKHQXFOHXV,WELQGVWRWKHSURPRWHUUHJLRQRIDQ
appropriate gene, and activates the transcription of this gene.

A study has shown that treatment of the NC/Nga mouse with
D1)ț%GHFR\ZKLFKLQKLELWVWKHDFWLYLW\RI1)ț%DPHOLR
UDWHVWKHFRQGLWLRQRIWKHPRXVH  LQGLFDWLQJWKDW1)ț%
may be a potential therapeutic target in atopic dermatitis. Mice
ODFNLQJ,ț%ȟDQ,/QXFOHDUSURWHLQZLWKKLJKKRPRORJ\
WR %FO DQG RWKHU ,ț% IDPLO\ PHPEHUV   VKRZ ODFN
RIDFWLYDWLRQRIJHQHVLQWKH7ROOOLNHUHFHSWRU 7/5 ,/
VLJQDOOLQJSDWKZD\  DQGVHYHUHLPSDLUPHQWRI,/SUR
GXFWLRQ)XUWKHUPRUHPLFHWKDWODFN,ț%ȟ ,1$30$,/DQG
,ț%ȗ GHYHORSVDFRQGLWLRQVLPLODUWRDWRSLFGHUPDWLWLV  
And interestingly this condition is characterised by a pruritic
condition in the skin, which shows alopecia, acanthosis, and
K\SHUNHUDWRVLVDVZHOODVDGHUPDODQGHSLGHUPDOLQ¿OWUDWH
E\&'DQG&'O\PSKRF\WHVWRJHWKHUHRVLQRSKLOVDQG
Langerhans’ cells. Furthermore the mice develop increased
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)LJ([SHULPHQWVZLWKNHUDWLQRF\WHVDQGDQWLVHQVH51$GLUHF
ted against p65 and p50. A) shows keratinocytes incubated with a
),7&ODEHOHGROLJRQXFOHRWLGHDIWHUKRXUVRILQFXEDWLRQ7KHROLJR
nucleotides are clearly seen located perinuclearly corresponding to
the rough endoplasmatic reticulum. This indicated that the method
XVLQJDQWLVHQVHROLJRQXFOHRWLGHVZRUNHG% DQG& ZHVWHUQEORW
of protein extracts from keratinocytes cultured either without oligo
nucleotides (control), with a missense oligonucleotide, with an
oligo nucleotide directed against p65, or an oligonucleotide directed
DJDLQVWS7),,%LVXVHGDVDQLQWHUQDOVWDQGDUG,WLVFOHDUO\VHHQ
that the oligo nucletides are able to down regulate the production
p65 and p50 in keratinocytes. D) Shows the resulting production of
&7$&.DIWHU71)ĮVWLPXODWLRQHLWKHUDORQHRUZLWKROLJRQXFOHR
tides directed against p50, p65 or a control oligonucleotide (c). It is
clearly seen that inhibition of either p50 or p65 production inhibit
71)ĮLQGXFHG&7$&.SURGXFWLRQ

V,J(DQGSHUKDSVPRVWLQWHUHVWLQJO\H[SUHVVDKLJKDPRXQW
of TARC in the skin.
$PRXVHZLWKHSLGHUPLVVSHFL¿FGHOHWLRQRI,..ZKLFK
DFWLYDWHV,ț%DQGWKHUHE\ODFNLQJ1)ț%DFWLYLW\LQWKHHSL
GHUPLVDOVRGHYHORSVDVHYHUHLQÀDPPDWRU\VNLQGLVHDVH7KH
VNLQLVFKDUDFWHUL]HGE\DGHUPDOLQÀDPPDWLRQE\&'DQG
&'O\PSKRF\WHVDVZHOODVJUDQXORF\WHVDQGPDFURSKD
ges. These mice however die between postnatal day 7 and 9.
:KHQWKHVHPLFHZHUHFURVVHGZLWK71)ĮUHFHSWRU,GH¿FLHQW
mice they developed normally (276). These experiments stress
WKHLPSRUWDQFHRIERWK1)ț%DQG71)ĮLQWKHGHYHORSPHQW
RILQÀDPPDWRU\VNLQGLVHDVHV

0LFH ODFNLQJ 5HO% 5HO%  DOVR GHYHORS DQ DWRSLF
dermatitis like condition with hyperkeratosis, acanthosis,
SDUDNHUDWRVLVDQGDGHUPDOLQ¿OWUDWLRQ  7KHO\PSKRF\WHV
in the dermis are CD4+ lymphocytes and CD8+ lymphocytes
with an overweight of CD4+ lymphocytes. The cytokines
expressed in the skin are mainly of Th2 type, in line with
RWKHUH[SHULPHQWVLQZKLFKWKH5HO1)ț%VLJQDOOLQJSDWK
way in T cells was inhibited (278), stressing the similarity to
atopic dermatitis. These mice also developed increased IgE
DQGEURQFKLDOLQÀDPPDWLRQDQGLQWHUHVWLQJO\ZKHQFURVVHG
with mice lacking peripheral T cells the condition did not
develop.
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DISCUSSION
$VGHVFULEHGWKHFHOOXODUVRXUFHRI7$5&LQDWRSLFGHUPD
titis is still a matter of debate. Some investigators have found
that TARC is only produced in endothelial cells of the dermal
YHVVHOV DQG LQÀDPPDWRU\ FHOOV LQ WKH GHUPLV   
whereas others have found that TARC is only produced in
the keratinocytes of the epidermis (163, 164), and others
again that TARC is produced in both keratinocytes and the
endothelial cells (161, 162, 171). An important aspect is the
fact that the number of biopsies examined from both atopic
dermatitis patients and psoriasis patients is very limited. Thus,
the papers on TARC expression in atopic dermatitis cited in
this thesis have examined a total of 40 patients.
Furthermore the ability of human keratinocytes to produce
TARC in vitro is also a matter of debate. Some investigators
claim that keratinocytes are unable to produce TARC (189),
others that keratinocytes produce mRNA, but not the protein
(162), and others again that keratinocytes are able to produce
TARC in vitro (164). In an immortalised keratinocytic cell
line, HaCaT cells however, there is broad agreement of their
ability to produce TARC (177–180).
$W¿UVWJODQFHWKHVHUHVXOWVGRQRWPDNHVHQVHEXWLIWKH
complex nature of atopic dermatitis is taken into consideration
these divergent results might not be that strange. As already
described atopic dermatitis patients may suffer from allergic
rhinitis or asthma along with their skin disease (23), they may
have a superimposed infection of 6$XUHXV, which is known
to exacerbate the disease (23), or they may have food allergy
or other allergies (29, 30, 34). Thus the group of patients suf
fering from atopic dermatitis is very heterogeneous. Keratino
cytes from different skin diseases have different capabilities
to produce certain chemokines and cytokines (235) and if
the above mentioned differences actually represent different
diseases, all with a common phenotypic endpoint namely
atopic dermatitis, the keratinocytes may differ in their ability
to produce TARC. Furthermore, the cytokine micro milieu in
the skin changes as the skin disease progress (68–72) which
could also explain the various expression pattern of TARC
as a result of the biopsies being taken at different stages of
WKHGLVHDVH7KH613 &!7 LQWKH7$5&JHQHZKLFK
is responsible for an over production of TARC, is present
in both patients with atopic dermatitis and healthy controls,
PD\ LQÀXHQFH WKHVH UHVXOWV 7KXV H[SHULPHQWV WHVWLQJ IRU
the ability to produce TARC in response to different stimuli,
with keratinocytes heterozygous, or homozygous for the
613 &!7 DQGNHUDWLQRF\WHVZLWKRXWWKH613VKRXOG
be carried out.
In animal models of atopic dermatitis TARC is consistently
expressed by the keratinocytes (96, 119, 167, 168). Yet these
animal models have been selected on the basis of a Th2 do
PLQDWHGLQÀDPPDWRU\UHDFWLRQLQWKHVNLQDQGWKHUHIRUHWKLV
result is not surprising.

It is evident that TARC alone does not induce atopic
dermatitis. When we injected BALB/c mice with TARC
LQWUDGHUPDOO\DO\PSKRF\WLFLQÀDPPDWLRQZDVVHHQLQWKH
dermis, but no mast cells, macrophages or other cells were
observed, and no clinical evident eczematous reactions was
observed. One could speculate if this may be due to the short
duration of the experiment; however as described in this thesis
the development of atopic dermatitis is due to a multitude of
factors, and in this experiment we only tested one of these.
It is clear though that TARC attracts CCR4 positive T cells,
which are mainly Th2 positive cells, and TARC is therefore
still a strong candidate as one of the key Th2 attracting che
mokines in the skin (148, 173).
As described, MDC is also a ligand for CCR4 and att
racts Th2 lymphocytes (158, 159). MDC is expressed in
high amounts in atopic dermatitis skin by dendritic cells and
keratinocytes and is therefore also likely to play a role in the
pathogenesis of atopic dermatitis (162, 192). In the NC/Nga
mouse MDC was expressed continuously in the healthy skin
and over expressed in the affected skin, which to us indicated
that in healthy skin MDC may play a role as a household
FKHPRNLQHUHJXODWLQJWKHWUDI¿FRIO\PSKRF\WHVLQWKHQRUPDO
immuno surveillance of the skin (96).
CTACK on the other hand attracts both Th1 and Th2
lymphocytes to the skin as shown through the CCR10+ cells
DELOLW\WRSURGXFHERWK,/DQG,/DVZHOODVEHLQJHLWKHU
&&5RU&&5  &7$&.LVSURGXFHGFRQVLVWHQWO\LQ
LQÀDPPDWRU\VNLQGLVHDVHVLQFOXGLQJERWKDWRSLFGHUPDWLWLV
and psoriasis (197). One study of the chemokine mRNA
H[SUHVVLRQLQWKHVNLQVKRZVVLJQL¿FDQWO\ORZHUH[SUHVVLRQ
of CTACK in psoriasis skin as compared to atopic dermati
tis and healthy skin. However the patients in this study are
not described very well (199). Thus CTACK seems to be a
FHQWUDOPHGLDWRURIO\PSKRF\WLFLQÀDPPDWLRQLQWKHVNLQ\HW
not as a necessity as other chemokines may take over (223).
CTACK may exert its main effect through a specialised sub
VHWRI&'&/$&'5$&&5&&5&'&&5
effector T lymphocytes that may act as a central controller
of the immune response in the skin in atopic dermatitis and
RWKHULQÀDPPDWRU\VNLQFRQGLWLRQV  
Since TARC, MDC and CTACK all are over expressed
in the skin in atopic dermatitis it is not surprising that the
serum concentrations of these chemokines are elevated and
correlates with disease severity (162, 198, 203). Are the serum
concentrations of these chemokines diagnostic for atopic der
PDWLWLV"7KHFRUUHODWLRQVEHWZHHQWKHVFRQFHQWUDWLRQVRIWKH
chemokines have been made to the severity of the disease and
not to whether there is a disease or not, and since the atopic
dermatitis diagnosis is based on clinical observations, family
history and so on (279), using serum concentrations as a diag
nostic tool is not meaningful. However; serum concentrations
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of the chemokines may be valuable as a monitoring tool for
treatment of atopic dermatitis since it decreases as treatment is
instituted (201, 204), although further experiments are needed
to describe the exact dynamics of these cytokines. As descri
bed, several stimuli induce both TARC, CTACK and, MDC,
and they do have an effect on each others production (201)
and it is therefore not surprising that the serum concentrations
of these chemokines correlate with each other.
TARC and CTACK belong to the non clustered chemo
NLQHVDQGKDYHDKLJKVSHFL¿FLW\WRWKHLUUHFHSWRUDQGLWLV
remarkable that two of these cytokines are so intimately rela
WHGWRVNLQLQÀDPPDWLRQ  &7$&.VHHPVWREHFORVHO\
related to the attraction of lymphocytes to the skin whereas
TARC seems to important in determining the Th1/Th2 ba
lance of the cells invading the skin. TARC also seems to be
important in general for allergic diseases as a mediator of the
Th2 response (280–283).This indicates that they both could
be potential therapeutical targets.
7KH QXFOHDU WUDQVFULSWLRQ IDFWRU ț% 1)ț%  LV DQ XEL
quitously expressed transcription factor. It is known to be
SLYRWDOLQWKHUHJXODWLRQRIVHYHUDOLQÀDPPDWRU\F\WRNLQHV
FKHPRNLQHV  :HKDYHVKRZQWKDWEORFNLQJ1)ț%LQ
NHUDWLQRF\WHVUHVXOWVLQDGHFUHDVHG71)ĮLQGXFHGSURGXF
tion of CTACK (269). Furthermore several studies in mice
KDYHVKRZQWKDWGLVWXUEDQFHRIWKH1)ț%VLJQDOOLQJSDWKZD\
FDQUHVXOWLQLQÀDPPDWRU\VNLQGLVHDVHV,QWHUHVWLQJO\DQG
LQFRQFRUGDQFHZLWKRXUUHVXOWVLQKLELWLRQRI,ț%ȟZKLFK
XQGHUQRUPDOFLUFXPVWDQFHVFDXVHVLQDFWLYDWLRQRI1)ț%LQ
mice result in a condition very similar to the NC/Nga mouse,
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and in an increased production of TARC in the dermis (102).
)XUWKHUPRUHVHYHUDOUHSRUWVSRLQWWR1)ț%DVDQLPSRUWDQW
regulator of the Th2 response in T lymphocytes (277, 278,
 7KXV1)ț%VHHPVWREHFHQWUDOLQWKHUHJXODWLRQRIWKH
LQÀDPPDWRU\UHVSRQVHLQWKHVNLQDQGLQDWRSLFGHUPDWLWLV
DOVRLQWKHUHJXODWLRQRIWKH7O\PSKRF\WHUHVSRQVH7KLVLV
QRWVXUSULVLQJJLYHQWKHHIIHFWVRI1)ț%\HWLWGRHVLQGLFDWH
WKDW1)ț%LVDYHU\DWWUDFWLYHWDUJHWIRUWKHUDS\QRWRQO\LQ
DWRSLFGHUPDWLWLVEXWLQDOOLQÀDPPDWRU\VNLQGLVHDVHV
0&3KDVEHHQVKRZQWREHH[SUHVVHGLQERWKDWRSLFGHU
matitis and psoriasis (235–237). It binds to the CCR2 receptor
ZKLFKLVH[SUHVVHGRQFLUFXODWLQJPRQRF\WHV  0&3
1 and CCR2 are thought to play a vital role in the recruitment
RIPRQRF\WHVWRLQÀDPHGWLVVXHVDQGDOVRVHHPVWRSOD\D
central role in the recruitment of monocyte derived Langer
KDQV¶FHOOVLQWRWKHVNLQ ± 7KH0&3&&5
LQWHUDFWLRQPD\EHDJHQHUDOLQÀDPPDWRU\PHFKDQLVPIRUWKH
UHFUXLWPHQWRIWKH¿UVWOLQHGHIHQFHRIWKHLPPXQHV\VWHP
:HVKRZWKDW0&3LVSURGXFHGE\NHUDWLQRF\WHVDIWHUVWL
PXODWLRQZLWK71)ĮDQG,)1ȖDQGWKDWLQDWRSLFGHUPDWLWLV
and psoriasis the level of CCR2 expression is upregulated on
circulating CD14+ leucocytes compared to healthy controls
 )XUWKHUPRUHZHVKRZWKDW&'SRVLWLYHFHOOVLQWKH
skin are CCR2 positive close to the dermal vessels but as
WKH\PLJUDWHLQWRWKHVNLQWKH\GRQRWH[SUHVV&&5,)1Ȗ
is known to down regulate CCR2 on monocytes (242), and
since this cytokine is expressed in the skin of atopic derma
titis and psoriasis it may also have the role of retaining the
monocytes in the skin.
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CONCLUSIONS
In this thesis we have studied the expression and regulation
RI WZR PDMRU PHGLDWRUV RI O\PSKRF\WLF LQ¿OWUDWLRQ LQ WKH
skin, TARC and CTACK, in both a murine model of atopic
dermatitis and in atopic dermatitis patients. We have also
studied the expression of their receptors on lymphocytes in
the peripheral blood and in the skin. We have extended these
studies to the expression of a monocyte attracting chemokine
0&3DQGLWVUHFHSWRU&&52XUVWXGLHVKDYHOHGXVWRWKH
IROORZLQJFRQFOXVLRQV
1. The lesions of the NC/Nga mouse offer great similarity
to atopic dermatitis, both histologically and immunologi
FDOO\7KHPRXVHLVWKHUHIRUHDVXI¿FLHQWDQGJRRGPRGHO
for atopic dermatitis (I).
2. TARC, which binds to CCR4 and attracts Th2 lymphocy
tes, is expressed in the skin lesions of the NC/Nga mouse
as well as in humans. Controversies over the origin of
this chemokine still exist, however if the literature on
this subject is studied only very few patients have been
examined, and one might suspect that TARC expression is
dependent on the type of atopic dermatitis and the phase
in which the patient is examined (I+II).
3. TARC production can be induced in keratinocytes through
LQÀDPPDWRU\F\WRNLQHVVXFKDV,)1ȖDQG71)ĮZKLFK
DUHERWKIRXQGLQDWRSLFGHUPDWLWLVOHVLRQV,/ZKLFK
LVXVXDOO\GHVFULEHGDVDQDQWLLQÀDPPDWRU\F\WRNLQHLV
DEOHWRSRWHQWLDWHWKHHIIHFWRI,)1ȖDQG71)Į ,,,,, 
 :HKDYHFRQ¿UPHGWKDW7$5&DWWUDFWV&&5SRVLWLYH
lymphocytes, which are Th2 lymphocytes, not only in vi
tro, but also in vivo. However, these experiments also show
that TARC alone is not able to induce the eczema. TARC
therefore is not ‘the atopic dermatitis chemokine’ (IV).
 7$5&DXJPHQWV71)ĮLQGXFHG&7$&.SURGXFWLRQLQ
keratinocytes, both in vivo and in vitro. This is dependent
on the expression of CCR4 on the keratinocytes, and
MDC which also binds to CCR4 demonstrates the same
DELOLW\7KXV7$5&ZKLFKPHGLDWHV7KLQÀDPPDWLRQ
PD\FRQWULEXWHWRDJHQHUDO7K7KLQÀDPPDWLRQLQWKH
chronic phase of atopic dermatitis (V).
6. The serum concentrations of TARC and CTACK correlate
ZLWKHDFKRWKHUSUREDEO\DVDUHÀHFWLRQRIWKHIDFWWKDW
the inducing stimuli are the same and that TARC is able to
LQGXFH&7$&.2QH¿QGLQJKRZHYHULVTXLWHVXUSULVLQJ
QDPHO\WKDWV&7$&.FRUUHODWHVLQYHUVHO\ZLWKGLVHDVH
severity in atopic dermatitis. This contradicts all other
¿QGLQJVEXWWKLVPD\EHGXHWRWKHWUHDWPHQWUHFHLYHG
by the patients (VI).
7. We show that the receptors for TARC and CTACK both
are expressed on lymphocytes in atopic dermatitis skin
lesions. At least three subpopulations of lymphocytes are

SUHVHQW LQ WKH VNLQ &&5&&5 &&5&&5
DQG &&5&&5 LQGLFDWLQJ WKDW DW OHDVW WZR 7K
VXESRSXODWLRQVH[LWV&&5DQG&&57KFHOOV
&&5SRVLWLYHFHOOVDOVRH[SUHVVERWK,/DQG,/
indicating that both Th1 and Th2 cells are CCR10 posi
WLYH:HGLGQRW¿QGDQ\&&5SRVLWLYHFHOOVLQSVRULDVLV
skin; however others have demonstrated various degrees
of this receptor in psoriasis skin. Again the number of
patients examined is very limited and therefore the dif
IHUHQWUHVXOWVPD\UHÀHFWQDWXUDOYDULDWLRQV ,9 
 7KH 71)Į LQGXFHG &7$&. SURGXFWLRQ LV FRQWUROOHG
WKURXJK1)ț%LQNHUDWLQRF\WHV7KLVDJDLQGHPRQVWUDWHV
WKHSLYRWDOUROHRI1)ț%LQLQÀDPPDWLRQDQGFRQ¿UPV
WKDWLWLVDQDWWUDFWLYHWDUJHWIRUWKHUDS\LQLQÀDPPDWRU\
skin diseases (VIII).
 0&3FDQEHLQGXFHGLQNHUDWLQRF\WHVWKURXJK71)Į
DQG,)1Ȗ7KH\ZRUNDVDJRQLVWVLQDGRVHGHSHQGHQW
PDQQHU7KHUHFHSWRUIRU0&3&&5LVH[SUHVVHGRQ
virtually all circulating CD14+ monocytes, with a slight
EXWVLJQL¿FDQWXSUHJXODWLRQRQ&'SRVLWLYHFHOOVLQ
atopic dermatitis and psoriasis patients (VII).
10. CCR2 is also expressed on a small population of CD163+
monocytes/macrophages in the skin lesions of atopic
dermatitis and psoriasis. These cells are located in the
vicinity of the dermal vessels whereas CD163 single
positive monocytes/macrophages are further away. Thus
CCR2 may be down regulated on these cells as a retaining
mechanism, or as a consequence of the cells differentia
ting into DCs (VII).

Future studies
One question regarding TARC still remains unanswered; why
is there such a discrepancy in reports on the ability of kera
tinocytes to produce TARC? This could be due to the single
nucleotide polymorphism, and studies with keratinocytes
with or without this polymorphism and their respective ability
to produce TARC in response to different stimuli should be
FDUULHGRXW)XUWKHUPRUHGHOHWLRQRI,ț%ȟLQPLFHKDVVKRZQ
increased TARC production, and experiments blocking this
LQKLELWRU RI 1)ț% ZRXOG DOVR EH YHU\ LQWHUHVWLQJ LQ WKLV
context. Naturally it would also be very interesting to examine
WKHIXQFWLRQRI,ț%ȟLQWKHVNLQRIDWRSLFGHUPDWLWLVSDWLHQWV
and determine if atopic dermatitis patients carries a mutation
LQWKLVJHQHDVZHOODVWRGHWHUPLQHLI,ț%ȟLVIXQFWLRQDOLQ
the NC/Nga mouse.
In the case of both TARC and CTACK, and their receptors,
there is some doubts about their expression in both atopic
dermatitis and psoriasis skin, and studies showing differential
expression in the lesions of different types of atopic dermatitis
and psoriasis would certainly also be interesting as this would
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indicate differential invasion of the skin by the lymphocytes.
Studies of keratinocytes cultured from skin biopsies from
each patient category should also be performed. If differential
ability between subpopulations of patients with either atopic
GHUPDWLWLVRUSVRULDVLVFRXOGEHLGHQWL¿HGWKLVZRXOGFHUWDLQO\
help us in the understanding of these diseases.
Furthermore studies of TSLP expression in the skin and
its effect on CTACK and TARC expression, as well as che
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mokine receptor expression would be very interesting since
this chemokine seems to hold a central role in the regulation
of chemokine expression in the skin.
6WXGLHVVRIDUKDYHGHPRQVWUDWHGWKDW&7$&.LVVSHFL¿
FDOO\H[SUHVVHGLQNHUDWLQRF\WHV7KLVKLJKRUJDQVSHFL¿FLW\LV
very unique given that CTACK belongs to the non clustered
F\WRNLQHVDQGVWXGLHVRI&7$&.H[SUHVVLRQLQRWKHULQÀDP
matory diseases in humans should be performed.
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DANSK RESUMÉ
$WRSLVNGHUPDWLWLVHUHQLQÀDPPDWRULVNNO¡HQGHKXGV\JGRPGHU
rammer mellem 15 og 20% af danske børn. Mikroskopisk ses der
HWLQÀDPPDWRULVNLQ¿OWUDWLGHUPLVRJHSLGHUPLVGHUKRYHGVDJOLJW
EHVWnUDIO\PIRF\WWHUPDNURIDJHUHRVLQR¿OHGHUPDOHGHQGULWLVNH
celler og mast celler. Lymfocytterne er domineret af CD4 positive
celler og i den akutte fase primært af Th2 lymfocytter, dvs. de
SURGXFHUHU,/,/,/RJ,/PHGHQVGHLGHQNURQLVNH
fase er mere blandede Th1/Th2 lymfocytter, dvs. de producerer
RJVnF\WRNLQHUQH,/RJ,)1Ȗ
Kemokinerne er en undergruppe af cytokinerne (kemotaktiske
cytokiner), der aktiverer og tiltrækker leukocytter. Kemokinerne
binder sig til kemokinreceptorerne der er 7 transmembranale
proteiner. Kemokin receptorerne udtrykkes differentieret på
hhv. Th1 og Th2 lymfocytter. Således udtrykker Th1 cellerne
fortrinsvist CXCR3 kemokin receptoren medens Th2 cellerne
fortrinsvist udtrykker CCR4 kemokin receptoren. Derudover
udtrykkes kemokin receptoren CCR10 udelukkende på hud
VSHFL¿NNHO\PIRF\WWHU8GIUDGHWWHHUGHWQ UOLJJHQGHDWVS¡UJH
hvorvidt liganderne for CCR4, thymus and activation regulated
chemokine (TARC/CCL17) og monocyte derived chemokine
0'&&&/ RJIRU&&5FXWDQHRXV7FHOODWWUDFWLQJFKH
mokine (CTACK/CCL27) udtrykkes i atopisk dermatitis læsioner
og hvordan de har en effekt på atopisk dermatitis’ patogenese.
NC/Nga musen er beskrevet som en model for atopisk derma
titis idet den udvikler en eksematøs tilstand når den holdes under
’snavsede forhold’ medens den forbliver rask når den holdes under
’rene forhold’. Vi beskriver at cytokinerne, der udtrykkes i huden
på NC/Nga musen, er af Th2 typen i den akutte fase, medens de
er af Th1/Th2 typen i den kroniske fase. Derudover beskriver vi
at kemokinerne TARC og MDC udtrykkes i huden på musen, i
henholdsvis keratinocytter og dermale dendritiske celler, når den
har eksem. I overensstemmelse med dette fandt vi ligeledes CCR4
XGWU\NWLKXGHQ7$5&HNVSUHVVLRQHQJHQ¿QGHVLKXGELRSVLHUIUD
patienter med atopisk dermatitis, ligesom der ses en overekspres
sion af CCR4 på cutaneous lymphocyte associated antigen (CLA)
positive lymfocytter i perifert blod fra atopisk dermatitis patienter.
Andre grupper har senere vist at graden af CCR4 ekspression på
lymfocytter fra perifert blod, ligesom plasma koncentrationen
af TARC og MDC korrelerer med sværhedsgraden af atopisk
dermatitis.
7$5&SURGXNWLRQNDQLQGXFHUHVLNHUDWLQRF\WWHUDI71)ĮRJ
,)1ȖRJGHQQHSURFHVNDQIRUVW UNHVDI,/71)ĮRJ,/
¿QGHVLDWRSLVNGHUPDWLWLVKXGLGHQDNXWWHIDVHRJ,)1ȖLGHQ
kroniske fase. For yderligere at undersøge TARC’s betydning for
udviklingen af Th2 responset i huden injicerede vi TARC i dermis
Sn%$/%FPXV'HWWHPHGI¡UWHHQGRVLVDIK QJLJLQ¿OWUDWLRQL
huden på musene med Th2 dominerede lymfocytter, samt ekspres
sion af TARC og CTACK.
'HQW WWHVDPPHQK QJPHOOHP&7$&.RJ7$5&JHQ¿QGHV
LDWRSLVNGHUPDWLWLVSDWLHQWHUKYRUYL¿QGHUNRUUHODWLRQPHOOHPGH
to cytokiner, samt at TARC er i stand til at forstærke CTACK pro

GXNWLRQHQLNHUDWLQRF\WWHU,PRGV WQLQJWLODQGUHJUXSSHU¿QGHUYL
HQRPYHQGWVDPPHQK QJPHOOHPV&7$&.RJVY UKHGVJUDGHQ
af atopisk dermatitis. Dette kan forklares ved at patienterne som
vi har undersøgt alle var i behandling, og jo sværere sygdommen
var desto kraftigere var behandlingen. Således kan den omvendte
sammenhæng ses som et resultat af en effektiv behandling.
Lymfocytterne i huden ved atopisk dermatitis udtrykker CCR4
og CCR10. Langt den største gruppe udtrykker udelukkende
CCR4 medens en mindre gruppe udtrykker CCR4 og CCR10,
og den mindste gruppe udtrykker udelukkende CCR10. Dette er
i overensstemmelse med hvad andre har beskrevet for lymfocyt
WHUQHLSHULIHUWEORGIUDSDWLHQWHUPHGLQÀDPPDWRULVNHKXGOLGHOVHU
'H&&5SRVLWLYHFHOOHULKXGHQXGWU\NNHUEnGH,)1ȖRJ,/
og er derfor både Th1 og Th2 celler. Givet at de CCR4+ celler er
7KO\PIRF\WWHURJHIWHUVRPGHU¿QGHVEnGH&&5&&5
RJ&&5&&5FHOOHUW\GHUGHWWHSnDW7KXQGHUJUXSSHQ
HULQGGHOWLÀHUHNRPSDUWPHQWV3VRULDVLVEHWUDJWHVVRPHQ7K
GRPLQHUHW LQÀDPPDWRULVN KXGOLGHOVH RJ GHUPHG L YLVVH VDP
menhænge modsætningen til atopisk dermatitis. Vi har undersøgt
psoriasis hud og fandt at lymfocytterne i psoriasis hud udtrykker
&&5PHQLNNH&&5RJDWGLVVHO\PIRF\WWHUXGWU\NNHU,)1
ȖPHQLNNH,/
1XFOHDUWUDQVFULSWLRQIDFWRUț% 1)ț% HUHQWUDQVVNULSWLRQV
faktor der udtrykkes i mange væv og har stor betydning for eks
pressionen af cytokiner, adhesionsmolekyler, vævstype antigerne,
VDPWDSRSWRVH1)ț%HUHQKHWHURHOOHUKRPRGLPHUE\JJHWRS
af proteiner fra Rel familien af proteiner, dvs. RelA (p65), RelB,
cRel, p52 and, p50. Vi viser at blokering af produktionen af p65
RJSLNHUDWLQRF\WWHUI¡UHUWLOHQQHGVDW71)LQGXFHUHW&7$&.
SURGXNWLRQ'HWHUDIDQGUHYLVWDWHQ1)ț%¶GXPP\¶GHUEORNHUHU
1)ț%DNWLYLWHWHQNDQK PPHXGYLNOLQJHQDIHNVHPL1&1JD
PXVHQ6nOHGHVV\QHV1)ț%DWY UHHWDWWUDNWLYWWHUDSHXWLVNPnO
YHGLQÀDPPDWRULVNHKXGOLGHOVHU
(WDQGHWNHPRNLQ0&3 PRQRF\WHFKHPRWDFWLWLFF\WRNLQH
1), der produceres af keratinocytter i både psoriasis og atopisk der
PDWLWLVHUUHWWHWPRGPRQRF\WWHUQH0&3ELQGHUWLO&&5VRP
udtrykkes på monocytter i det perifere blod. CCR2 er essentiel for
monocytters evne til at trænge ud i vævene samt for Langerhans’
FHOOHUVHYQHWLODWUHDOORNHUHWLOO\PIHNQXGHURJGHUPHGDNWLYHUH
Th1 responset. Vi viser at monocytter i perifert blod hos atopisk
dermatitis patienter og psoriasis patienter udtrykker CCR2 i
højere grad end monocytter fra raske kontroller. Dertil kommer
at monocytter/makrofager i huden nedregulerer ekspressionen af
CCR2, og at denne regulering bliver mere udtalt jo længere fra kar
rene cellerne kommer. Dette kunne være en mekanisme hvorved
PRQRF\WWHUEOLYHUWLOEDJHKROGWLLQÀDPPHUHWY YLGHW,)1ȖHUL
stand til at nedregulere CCR2 ekspressionen på monocytter/ma
FURIDJHU9LGHPRQVWUHUHUGHVXGHQDWGHLQÀDPPDWRULVNHF\WRNLQHU
71)ĮRJ,)1ȖYLUNHUDJRQLVWLVNHSn0&3SURGXNWLRQHQL
NHUDWLQRF\WWHU0&3RJ&&5V\QHVSnGHQPnGHDWVWnFHQ
tralt i reguleringen af monocytter/makrofagers invasion i huden.
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