
Background: Atopic dermatitis (AD) and psoriasis are geneti-
cally determined inflammatory skin disorders. Keratinocytes
actively participate in cutaneous inflammatory responses by
elaborating various chemokines.
Objective: We investigated the capacity of IL-4, IFN-γ, and
TNF-α to modulate the expression of CCL and CXCL
chemokines in cultured keratinocytes from patients and
healthy individuals, as well as chemokine expression in situ.
Methods: Keratinocyte cultures were established from normal-
looking skin of adult patients with AD or psoriasis vulgaris
and from healthy subjects. Monocyte chemoattractant protein
1 (MCP-1)/CCL2, RANTES/CCL5, IL-8/CXCL8, and IFN-
γ–induced protein of 10 kd (IP-10)/CXCL10 production was
evaluated at the mRNA and protein levels by using RNase pro-
tection assay and ELISA, respectively. The expression of the
same chemokines was studied in chronic lesional skin by
means of immunohistochemistry or in situ hybridization.
Results: Only IL-8 mRNA was detected in unstimulated ke-
ratinocyte cultures. MCP-1 and IP-10 were potently induced
by IFN-γ, whereas IL-8 and RANTES were preferentially
upregulated by TNF-α and, to a lesser extent, by IFN-γ. IL-4
weakly induced IP-10, RANTES, and IL-8 but not MCP-1.
Keratinocytes of patients with AD invariably responded with
significantly earlier and higher RANTES expression. By con-
trast, keratinocytes of patients with psoriasis displayed much
higher levels of both constitutive and induced IL-8 and a
stronger induction of MCP-1 and IP-10. RANTES and MCP-1
mRNA+ keratinocytes were detected in the basal layer of
lesions of patients with AD and psoriasis. IP-10 and IL-8 were
consistently upregulated in the epidermis of patients with pso-
riasis but not in lesions of patients with AD.
Conclusions: Keratinocytes of patients with AD and psoriasis
show an intrinsically abnormal and different chemokine pro-

duction profile and may thus favor the recruitment of distinct
leukocyte subsets into the skin. (J Allergy Clin Immunol
2001;107:871-7.)
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Atopic dermatitis (AD) and psoriasis are common
chronic inflammatory disorders in which T cell–mediat-
ed mechanisms have a primary role in pathogenesis.1,2

Patients with AD exhibit exaggerated TH2 responses, and
initiation of AD lesions is thought to be mediated by
means of early skin infiltration of TH2 lymphocytes
releasing high levels of IL-4, IL-5, and IL-13.1 Subse-
quently, the accumulation of activated monocytes,
mature dendritic cells, and eosinophils determines a rise
in IL-12 expression and the appearance of a mixed
TH2/TH1 cytokine pattern, with reduced IL-4 and IL-13
and the presence of IFN-γ.3 By contrast, psoriasis is char-
acterized by numerous activated TH1 cells, focal intraepi-
dermal collections of neutrophils, and dermal accumula-
tion of monocytes and dendritic cells. IFN-γ–producing
TH1 clones dominate psoriatic lesions and are primarily
responsible for the epidermal changes.2 Moreover, ke-
ratinocytes, mast cells, monocytes, and dendritic cells
may be active sources of TNF-α in both diseases.4,5

Chemokines are a superfamily of small secreted proteins
that regulate cell traffic in both homeostatic and inflamma-
tory conditions, and 2 main subfamilies, recently renamed
CCL and CXCL chemokines, have been distinguished.6

Several studies have suggested a crucial involvement of
CCL chemokines in allergic inflammation because they
potently attract eosinophils, basophils, monocytes, and TH2
cells.7 By contrast, CXCL chemokines attract primarily
TH1 lymphocytes and neutrophils.8 Keratinocytes are the
major cell population of the epidermis and can be activated
to produce various chemokines, including the CCL
chemokines RANTES/CCL5 and monocyte chemoattrac-
tant protein 1 (MCP-1)/CCL2 and the CXCL chemokines
IFN-γ–induced protein of 10 kd (IP-10)/CXCL10 and IL-
8/CXCL8.9,10 Upregulated expression of RANTES and
MCP-1 has been detected in the epidermis of patients with
both AD and psoriasis.11-14 Moreover, keratinocyte pro-
duction of IL-8 and IP-10 has been implicated in the patho-
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genesis of psoriasis.15,16 Cytokines released by infiltrating
T cells are among the strongest signals for chemokine
expression in keratinocytes.9,10,17-19 A series of previous
observations suggest that keratinocytes cultured from non-
lesional skin of patients with AD or psoriasis display intrin-
sic abnormalities in their response to proinflammatory fac-
tors20-26 and that they retain these features for at least 5
culture passages.

In this study we examined the capacity of IL-4, IFN-γ,
TNF-α, and phorbol myristate acetate (PMA) to modulate
the production of RANTES, MCP-1, IP-10, and IL-8 in ker-
atinocytes cultured from nonlesional skin of patients with
AD and psoriasis. Furthermore, keratinocyte expression of
the same chemokines was investigated in biopsy specimens
of chronic lesions of patients with AD and psoriasis.

METHODS

Subjects

Four adult patients with moderate-to-severe chronic AD (2 men
and 2 women; age range, 19-45 years), 4 adult patients with moder-
ate-to-severe chronic plaque psoriasis (3 men and 1 woman; age
range, 32-49 years), and 4 healthy control subjects (2 men and 2
women; age range, 25-50 years) were included in the study. Patients
had definite AD or psoriasis diagnosed according to standard criteria,
and they were not receiving any systemic or topical therapy for at
least 2 weeks before testing. Informed consent was obtained from all
subjects, and the study was approved by the local ethical committee.

Reagents, cytokines, and antibodies

PMA was purchased from Sigma-Aldrich (Milan, Italy). Recom-
binant human (rh) IL-4, IFN-γ, and TNF-α and rabbit polyclonal
anti-human IP-10 (IgG1) or anti-IL-8 (IgG1) antibodies were
obtained from R&D Systems (Abingdon, United Kingdom).
Biotinylated anti-rabbit IgG was purchased from Vector Laborato-
ries (Burlingame, Calif).

Keratinocyte cultures

Epidermal sheets were procured from the roof of suction blisters
raised on normal-appearing skin of the forearms of all patients and
healthy subjects, as previously described.20 Primary cultures were
established by seeding epidermal cells on a feeder layer of irradiat-
ed 3T3/J2 fibroblasts and cultured according to an optimized Rhein-
wald and Green culture technique.20 Keratinocyte cultures were used
at the second or third passage and were not contaminated by leuko-
cytes, as assessed by using flow cytometry analysis with mAbs
against dendritic cell, monocyte, and T-cell markers (not shown).

RNA preparation and RNase protection assay

Total RNA was extracted with a modified guanidine isothio-
cyanate-acid phenol protocol by using the Ultraspec RNA isolation
system (Biotecx, Houston, Tex), as previously described.20 For simul-
taneous RNase protection assay of RANTES, IP-10, MCP-1, and IL-8,

the multiprobe template set hCK5 was purchased from PharMingen
(San Diego, Calif) and used according to the manufacturer’s instruc-
tions. Ten micrograms of RNA was used in each assay. The exsiccat-
ed gels were exposed to films for 6 hours at –70°C. RNase protection
assay bands were quantified by using laser densitometry supported by
the Quantity One software (Bio-Rad, Hercules, Calif), with each
chemokine mRNA signal normalized to the corresponding L32
mRNA signal. Four separate experiments with keratinocytes from
different donors were performed with similar results.

ELISA

RANTES, MCP-1, IP-10, and IL-8 were measured with OptEIA
ELISA kits (PharMingen) on cell-free supernatants harvested 48
hours after stimulation. Data are expressed as nanograms per 106

cells ± SD of triplicate cultures.

Immunohistochemistry

Four-millimeter punch biopsy specimens were taken from chron-
ic lesions of patients with AD (n = 3) or psoriasis (n = 3) or from nor-
mal skin of healthy volunteers (n = 3). Frozen 5-µm skin sections
were kept at 30°C for 3 hours, fixed in acetone at –20°C for 20 min-
utes, permeabilized with 0.05% Triton X-100, and then incubated for
1 hour at room temperature with the appropriate dilution of anti-
human IP-10 or IL-8 antibodies or control rabbit Ig. Sections were
stained with an avidin-biotin-peroxidase technique (Vector Labora-
tories) by using 3-amino-9-ethylcarbazole as a substrate. In compe-
tition experiments anti-human IP-10 or IL-8 antibody was incubated
with excess concentrations of rhIP-10 or rhIL-8 (R&D Systems)
overnight at 4°C before application to tissue sections (not shown).

In situ hybridization

Labeled riboprobes were prepared from RANTES and MCP-1
cDNAs. Starting PCR products were subcloned into plasmid pCRRII-
TOPOR (Groningen, The Netherlands) and subsequently tran-
scribed in the presence of 35S-labeled uridine triphosphate. To
obtain sense and antisense reaction products, SP6 or T7 polymerase
reactions were performed on linearized plasmids, according to stan-
dard methods.14 For hybridization procedure on tissue sections, the
protocol by Müller et al27 was used. For autoradiography, the slides
were coated with NTB-2 emulsion (Eastman Kodak, Rochester,
NY), exposed at 4°C for 1 to 3 weeks, developed, and finally coun-
terstained with 0.02% toluidine blue. Sections were photographed
under bright- and dark-field microscopy. The specific detection of
chemokine mRNA by means of in situ hybridization (ISH) was con-
firmed by using sense riboprobes, which gave only background sig-
nals, or by using pretreatment of the tissue sections with DNase-free
RNase, which completely abrogated specific signals (not shown).

Statistical analysis

The Mann-Whitney rank sum test was used to compare differ-
ences in chemokine release between the different keratinocyte types.
The Wilcoxon signed-rank test was applied for within-group com-
parisons before and after stimulation. Significance was assumed at a
P value of .05 or less.

RESULTS

Chemokine expression in cultured

keratinocytes

Chemokine mRNA and protein expression was inves-
tigated in keratinocyte cultures obtained from the nonle-
sional skin of patients with AD and psoriasis and from
healthy subjects. Induction of specific mRNA signals
was examined after 1 to 24 hours’ stimulation with IL-4

Abbreviations used
AD: Atopic dermatitis

AP-1: Activator protein 1
IP-10: IFN-γ–induced protein of 10 kd

ISH: In situ hybridization
MCP-1: Monocyte chemoattractant protein 1

PMA: Phorbol myristate acetate
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(50 ng/mL), IFN-γ (100 U/mL), TNF-α (50 ng/mL), or
PMA (10 ng/mL). RANTES mRNA was not detected in
unstimulated keratinocytes, and it was weakly induced
by IL-4 and markedly upregulated by IFN-γ, TNF-α, or
PMA (Fig 1, A). RANTES induction was especially evi-
dent in keratinocytes from patients with AD, which
responded to TNF-α with 7-fold and 2-fold higher
mRNA levels than cells from healthy control subjects
and patients with psoriasis, respectively (Fig 1, B). Mea-
surement of RANTES protein accumulation in the cul-
ture medium over 48 hours showed that the strongest
release followed TNF-α or PMA treatment and that it
was more conspicuous in keratinocytes from patients
with AD than in cells from control subjects or patients
with psoriasis (Fig 1, C).

MCP-1 mRNA signal was absent in baseline condi-
tions. IFN-γ efficiently induced MCP-1 mRNA, which
was less represented in keratinocytes from patients with
AD than keratinocytes from control subjects or patients
with psoriasis (Fig 2, A). Keratinocytes from patients with
psoriasis displayed 4-fold higher MCP-1 mRNA levels
than cells from patients with AD at 6 hours’ stimulation
(Fig 2, B). PMA caused a significant MCP-1 mRNA
induction only in keratinocytes from patients with psoria-

sis, whereas IL-4 and TNF-α appeared ineffective. Analo-
gous behavior could be observed when examining MCP-
1 protein release. Compared with keratinocytes from con-
trol subjects or patients with AD, higher levels of MCP-1
were secreted from cells from patient with psoriasis after
treatment with IFN-γ or PMA (Fig 2, C). After stimula-
tion with IL-4 or TNF-α, very modest levels of MCP-1
were measured only in the supernatants of keratinocytes
from patients with psoriasis.

Unstimulated keratinocytes did not express detectable
IP-10 mRNA. IFN-γ was a potent stimulus for its induc-
tion, whereas IL-4, TNF-α, and PMA caused only a weak
and transient upregulation (Fig 3, A). Of note, IP-10
mRNA levels at 6 hours’ stimulation were 1.4-fold and 3-
fold higher in keratinocytes from patients with psoriasis
than in those from healthy control subjects or patients
with AD, respectively (Fig 3, B). Similar data were
obtained by measuring IP-10 protein secretion, with sig-
nificantly higher release from keratinocytes of patients
with psoriasis after IFN-γ, TNF-α, or PMA treatment (Fig
3, C). Furthermore, keratinocytes from patients with AD
responded to the different stimuli with reduced IP-10
release compared with cells from healthy control subjects.

In contrast to the previous chemokines, IL-8 mRNA was

FIG 1. Keratinocytes from patients with AD produce higher
amounts of RANTES. A, RANTES RNase protection assay of
untreated keratinocytes or keratinocytes stimulated with IL-4, IFN-
γ, TNF-α, or PMA. B, Quantitation of RNase protection assay
bands by means of laser densitometry (arbitrary units) in ke-
ratinocytes from healthy control subjects (triangles), patients with
AD (circles), and patients with psoriasis (squares). C, ELISA on
supernatants of cells cultured from healthy donors (open bars),
patients with AD (filled bars), or patients with psoriasis (hatched
bars). *P < .01 versus keratinocytes from patients with psoriasis
or healthy control subjects.

FIG 2. Keratinocytes from patients with psoriasis display stronger
MCP-1 induction than keratinocytes from patients with AD or con-
trol subjects. A, MCP-1 RNase protection assay of keratinocytes
stimulated as indicated in the legend to Fig 1. B, Quantitation of
RNase protection assay bands by means of laser densitometry
(arbitrary units) in keratinocytes from healthy control subjects (tri-
angles), patients with AD (circles), and patients with psoriasis
(squares). C, ELISA on supernatants of cells cultured from healthy
donors (open bars), patients with AD (filled bars), or patients with
psoriasis (hatched bars). *P < .03 versus keratinocytes from
patients with AD or healthy control subjects.
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C C
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expressed constitutively in unstimulated keatinocytes, with
the specific IL-8 doublet detected at high levels in ke-
ratinocytes from patients with psoriasis (Fig 4, A). Longer
exposures (>15 hours) were necessary to reveal the signals
in unstimulated cells from normal control subjects or
patients with AD (not shown). IL-8 mRNA induction in
response to cytokines or PMA was invariably earlier,
stronger, and more persistent in psoriatic keratinocytes than
in keratinocytes from control subjects or patients with AD
(Fig 4, B). ELISA elicited further evidence of an exagger-
ated IL-8 production by keratinocytes from patients with
psoriasis in response to the different stimuli, which was sig-
nificantly higher compared with that of cells from control
subjects or patients with AD (Fig 4, C). The amounts of
chemokines measured in supernatants of activated ker-
atinocyte cultures were in a functionally relevant range.10,28

Chemokine expression in lesional epidermis

in situ

Keratinocyte expression of chemokines was examined
in chronic lesions of patients with AD and psoriasis, as
well as in normal skin from healthy subjects. By using

ISH, specific RANTES mRNA signals were detected in
the basal epidermis of patients with both AD and psoria-
sis, especially at the tips of the rete ridges. In contrast, no
hybridization signal was observed in healthy skin (Fig 5,
A-C). Similar findings were obtained for MCP-1 (Fig 5,
D-F), with mRNA+ keratinocytes more evident in the
basal epidermal layers of lesions from patients with AD
and psoriasis. Psoriasis consistently showed a more
intense MCP-1 reactivity in the epidermis, as well as in
the dermal papillae, with the latter likely related to focal
accumulations of leukocytes (Fig 5, F). By means of
immunohistochemical analysis, no IL-8 immunoreactivi-
ty could be detected in normal skin from healthy control
subjects (Fig 5, G). Lesional AD skin showed some IL-
8–reactive leukocytes in the dermis but not keratinocyte
staining (Fig 5, H), whereas epidermis of patients with
psoriasis presented a diffuse staining and areas of strong
positivity in the stratum corneum (Fig 5, I), as previously
described.4 IP-10 reactivity was almost absent in healthy
skin (Fig 5, J), whereas it was limited to infiltrating
leukocytes in AD lesional skin, with the epidermis show-
ing no or weak staining in some areas (Fig 5, K). In con-

FIG 3. Keratinocytes from patients with psoriasis express higher
levels of IP-10 in response to IFN-γ, TNF-α, or PMA. A, IP-10 RNase
protection assay of keratinocytes stimulated as indicated in the
legend to Fig 1. B, Quantitation of RNase protection assay bands
by means of laser densitometry (arbitrary units) in keratinocytes
from healthy control subjects (triangles), patients with AD (cir-
cles), and patients with psoriasis (squares). C, ELISA on super-
natants of cells cultured from healthy donors (open bars),
patients with AD (filled bars), or patients with psoriasis (hatched
bars). *P < .02 versus keratinocytes from healthy control subjects;
**P < .03 versus keratinocytes from patients with AD or healthy
control subjects.

FIG 4. Keratinocytes from patients with psoriasis display abnor-
mal levels of basal and induced IL-8 expression. A, IL-8 RNase
protection assay of keratinocytes stimulated as indicated in the
legend to Fig 1. B, Quantitation of RNase protection assay bands
by means of laser densitometry (arbitrary units) in keratinocytes
from healthy control subjects (triangles), patients with AD (cir-
cles), and patients with psoriasis (squares). C, ELISA on super-
natants of cells cultured from healthy donors (open bars),
patients with AD (filled bars), or patients with psoriasis (hatched
bars). *P < .01 versus keratinocytes from patients with AD or
healthy control subjects.
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trast, epidermis of patients with psoriasis displayed a dif-
fuse cytoplasmic staining, which was more intense in the
upper, subcorneal keratinocyte layers (Fig 5, L). Nonle-
sional skin from patients with AD or psoriasis did not
show a different chemokine expression compared with
skin from healthy control subjects (data not shown).

DISCUSSION

Keratinocytes can participate in skin inflammation
through the regulated expression of chemokines attracting
various leukocyte subsets, including monocytes, dendritic
cells, and T lymphocytes. Inflammatory cells express dif-
ferent chemokine receptors according to the differentiation
and activation state. In particular, TH1 cells express high
levels of CCR5 and CXCR3 and migrate preferentially to
macrophage inflammatory proteins and IP-10, respectively.
In contrast, TH2 cells express high CCR3, CCR4, and
CCR8 levels and are efficiently attracted by their respective
ligands, eotaxin, thymus and activation-regulated
chemokine (CCL17)/macrophage-derived chemokine
(CCL22), and I-309.8,28 In this study we could observe that
basal keratinocytes are actively committed to neosynthesiz-
ing RANTES in both AD and psoriasis. RANTES is
chemotactic for monocytes, dendritic cells, and TH1 lym-
phocytes by means of interaction with CCR5 and also
attracts TH2 cells through CCR3.8 ISH also showed that
basal keratinocytes strongly express MCP-1 in patients
with AD and at higher levels in patients with psoriasis.
MCP-1 potently attracts monocytes and dendritic cells in
vivo,29 but it can induce migration of both TH1 and TH2
cells.28 In the case of AD, RANTES and MCP-1 can con-
tribute relevantly to the mixed TH1/TH2 infiltrate that char-
acterizes the chronic phase. Moreover, MCP-1 has been
shown to stimulate IL-4 expression in T cells and the devel-
opment of TH2-polarized responses in mice.30,31 IP-10 was
markedly expressed in the epidermis of patients with psori-
asis vulgaris but only weakly and limited to some areas in
AD lesions. The higher expression of MCP-1 and especial-
ly IP-10 in epidermis of patients with psoriasis compared
with that of patients with AD likely reflects the presence of
more numerous TH1 cells in the former because IFN-γ is
the most potent inducer of these chemokines.9,10 In turn,
the elevated expression of IP-10 in keratinocytes from
patients with psoriasis can support an amplification circuit
of polarized TH1 responses.8,28 We also confirmed ker-
atinocyte-associated IL-8 production in psoriasis4 but not
in skin of patients with AD or healthy skin. High levels of
IL-8 expression have already been implicated in multiple
aspects of the pathogenesis of psoriasis, including T-cell
and neutrophil chemotaxis and activation, as well as ke-
ratinocyte hyperproliferation.2 In vitro studies have shown
that IL-8 was the only chemokine constitutively produced
by keratinocytes, with unstimulated cells from patients
with psoriasis expressing the highest levels. TNF-α was the
most potent inducer of RANTES and IL-8. By contrast,
IFN-γ was by far the most effective stimulus for MCP-1
and IP-10 production, as discussed above. IL-4 also
induced some RANTES, IP-10, and IL-8 expression, but

not MCP-1 expression, which is consistent with the notion
that keratinocytes express functional IL-4 receptor.19 This
observation, together with the capacity of IL-4 to reinforce
the activity of TNF-α and IFN-γ in promoting keratinocyte
expression of CXCR3 agonistic chemokines,10 indicates
that IL-4 might be implicated in the recruitment of TH1
cells in chronic AD. Finally, ke-ratinocytes can also release
low amounts of thymus and activation-regulated
chemokine, macrophage-derived chemokine, and I-309 but
only after IFN-γ stimulation (unpublished observation),32

suggesting that kerat-inocytes can attract TH2 cells but only
after prior activation by TH1 cells.

An interesting observation of this study was that ke-
ratinocytes from patients with AD produced increased
amounts of RANTES but reduced levels of IP-10 in
response to IFN-γ, TNF-α, or PMA when compared with
keratinocytes from normal control subjects or patients
with psoriasis (Fig 6). By contrast, keratinocytes from

FIG 5. Distinct chemokine upregulation in the epidermis of chron-
ic lesional skin from patients with AD and psoriasis. Representa-
tive examples of dark-field photomicrographs of ISH detection of
RANTES (A-C) and MCP-1 (D-F) mRNA and representative exam-
ples of immunohistochemical analysis of IL-8 (G-I) and IP-10 (J-L)

are shown.
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patients with psoriasis responded to the same stimuli
with an exaggerated expression of IL-8, MCP-1, and IP-
10 production. These results may indicate the existence
of genetically determined defects in the constitutive and
induced chemokine production by keratinocytes of
patients with AD and psoriasis. Moreover, this abnormal
production appeared under a complex chemokine-associated,
rather than stimulus-specific, control. RANTES is not
the only proinflammatory factor the expression of which
has been found upregulated in AD keratinocytes because
they displayed overproduction of spontaneous, as well as
PMA-, IL-1α– and IFN-γ–induced, GM-CSF release
when compared with healthy control keratinocytes.20,21

Numerous functional polymorphisms in the regulatory-
coding regions of clusters of cytokine-chemokine genes,
including RANTES, have been found in patients with
AD,1,33 which could be implicated in overproduction by
keratinocytes. In searching for a molecular mechanism
underlying abnormal GM-CSF production, we have
found that keratinocytes from patients with AD express
higher constitutive or induced levels of members of the
activator protein 1 (AP-1) family of transcription factors,
including c-Jun, JunB, and c-Fos, compared with ke-
ratinocytes from normal control subjects.22 AP-1 is
prominently activated by phorbol esters but also by vari-
ous cytokines, including IL-4, IFN-γ, and TNF-α, and
AP-1–binding sites are strategically located in the pro-
moters of a vast array of cytokines and chemokines,
including RANTES.34 By contrast, no clues can be pro-
posed to explain downregulation of IP-10 production in
keratinocytes from patients with AD in response to
cytokines and PMA. The increased production of MCP-1,
IP-10, and IL-8 observed in psoriatic keratinocytes sug-
gests a dysregulated response to a series of proinflamma-
tory stimuli also in these cells. A previous report on pso-
riatic keratinocyte response to IFN-γ documented a
reduced activation of IFN regulatory factor 1 and signal
transducer and activator of transcription 1α25 and thus
provided a novel mechanism to explain the reduced
antiproliferative and apoptotic effects of this cytokine on
epidermis of patients with psoriasis.23,26

In conclusion, our data support the hypothesis that
contribution of keratinocytes to the pathogenesis of AD

and psoriasis is linked to the presence of distinct, intrin-
sic alterations in their capacity to respond to proinflam-
matory stimuli and that these abnormalities can modulate
amplification and persistence of skin inflammation.
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