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Abstract

Background: Human chemokine-like factor 1 (CKLF1), a recently discovered chemokine, has a
broad spectrum of biological functions in immune-mediated diseases. It is highly expressed on Th2
lymphocytes and is a functional ligand for human CCR4. CKLF1 has a major role in the recruitment
and activation of leucocytes, which plays an important role in the pathogenesis of allergic diseases.
The present study was designed to determine the expression of CKLF1 in skin and serum in pa-
tients with atopic dermatitis (AD).

Methods: The CKLF1 protein expression in skin lesion was analyzed by immunohistochemistry
and ELISA. The mRNA expression of CKLF1 in skin lesion was detected by Real-time PCR. The
serum levels of CKLF1, IgE, eotaxin, IL-4, IL-5, and IL-13 were measured by ELISA.

Results: Histopathological changes in the skin of AD patients showed local inflammation with
epidermal thickening and significant inflammatory cellular infiltration. Immunohistochemistry re-
sults demonstrated that CKLF1-staining positive cells were located in the epidermal and dermis,
and that the CKLF1 expression in AD patients was significantly higher than that in normal control.
The CKLF1 mRNA expression in AD patients was significantly higher than that in healthy controls.
Serum CKLF1 and IgE levels were significantly increased in AD patients, as were the serum levels
of IL-4, IL-5, IL-13 and eotaxin.

Conclusions: Both CKLF1 protien and mRNA levels are overexpressed in the skin lesion of AD
patients, along with an increase in serum CKLF1 level, indicating that CKLF1 may play an important
role in the development of atopic dermatitis.
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Introduction

Atopic dermatitis (AD) is a chronically relapsing,
inflammatory skin disease characterized by pruritic
and eczematous skin lesions and the prevalence of AD
is steadily increasing. Most AD patients have a per-
sonal or family history of allergic diseases such as
asthma and allergic rhinitis [1]. AD has affected up to

3% of adults and 25% of children [2]. Infants with AD
have an increased tendency to develop asthma and
allergic rhinitis later in life [3]. Unfortunately, our
understanding of AD pathogenesis and mediators
involved in its onset and progression is rather limited,
hampering the discovery and development to effica-
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cious therapeutic agents for this disease. Up to today,
the two major drug classes recommended for the
treatment of AD are steroids and antihistamines,
which are generally considered as non-specific an-
ti-inflammatory agents.

Chemokines and their receptors play a vital role
in the pathogenesis of allergic diseases [4,5]. In the
development and progression of AD, the
Th2-predominant inflammatory response can lead to
IgE production. When IgE-binding mast cells and
basophils are exposed to subsequent allergens, the
release of chemical mediators often causes allergic
reactions [6]. Chemokine-like factor 1 (CKLF1) is a
recently discovered cytokine belonging to the chemo-
kine-like factor protein family [7]. In vitro studies
demonstrate that CKLF1 has broad chemotactic activ-
ities on neutrophils, lymphocytes, monocytes, and
nerve cells [7]. There are increasing evidences that
demonstrate CKLF1 may play an important role in the
pathogenesis of allergic diseases. CKLF1 is
up-regulated in lung tissues from asthma patients [8].
In addition, intramuscular injection of CKLF1 plasmid
DNA into BALB/c mice causes dramatic pathological
changes in the lungs that are similar to those observed
in asthma patients [8]. Although CKLF1 has been
shown to be a regulator in pathogenesis of asthma
and allergic rhinitis [9], its role in AD remains unclear.
Therefore, we hypothesized that CKLF1 might play a
role in the pathogenesis of AD. To test that, we ana-
lyzed the expression of CKLF1 in skin and serum of
AD patients in the present study. To investigate its
possible roles in AD development and progression,
we also detected the expression of some important
cytokine in AD patients. To our best knowledge, this
is the first study to do so. We believe that targeting
CKLF1 may provide a new avenue of therapeutic ap-
proach for AD.

Materials and methods

Patients, specimens and tissue sample treat-
ment

This clinical study protocol was reviewed and
approved by the Bioethical Commission of Beijing
Friendship Hospital. Informed consent was obtained
from all of the patients and controls prior to the study.
We enrolled 20 adult patients with AD (11 female and
9 male), age from 18 to 38 (the mean age: 27.6) and 10
volunteers (5 female and 5 male) in good health as a
control panel. The diagnosis of AD was made and
confirmed by Hanifin and Rajka’s criteria [10]. Prior to
the study, none of AD patients or controls received
any drugs that might affect the results of the per-
formed assays. Skin specimens were collected by a
4-mm disposable biopsy punch (Miltex Inc., York,

USA) after local anaesthesia. In AD patients, biopsy
specimens were collected from skin lesions. Control
specimens were collected from health volunteers.
Two specimens were collected from each individual:
one was put into 1 ml of PBS for generating skin ho-
mogenate and subsequent ELISA and the other was
cut into two parts, one part being immediately im-
mersed in RNA extraction solution and used for sub-
sequent real-time PCR analysis and the other part
being prepared for histopathological analysis. A
standard ELISA protocol was used to quantify the
total amount of CKLF1 in supernatants of the skin
homogenate (R&D Systems).

Real-time quantitative PCR

The total RNA was extracted from human skin
specimens and was reverse-transcribed by a Reverse
Transcription Kit (Invitrogen). The real-time PCR
amplification was performed using an Mx3000 Mul-
tiplex Quantitative PCR System (Stratagene Corp, La
Jolla, CA), the primers for human CKLF1 were as fol-
lows: forward, 5'-TCGCTTCGCAGAACCTACTCA-3¥
, reverse, 5-TATTTTCGGCTGCACGTTATCC-3". All
amplification reactions were conducted for 45 cycles
in duplicate (an initial stage of 2 min at 95 °C, fol-
lowed by a three-step cycle of 20 s at 95°C, 25 s at 59°C
and 30 s at 72 °C). The results were expressed as rela-
tive quantification units (fold change). Glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was ap-
plied to each sample as an internal control in order to
normalize CKLF1 expression levels.

Quantitation of CKLF1, IgE, IL-4, IL-5, IL-13
and eotaxin in the serum and/or skin tissue

The CKLF1 levels in serum and supernatant of
the skin homogenates were measured by ELISA fol-
lowing the manufacturer's instruction (R&D Systems,
Minneapolis, USA). The serum levels of IgE, IL-4,
IL-5, IL-13, and eotaxin were measured by ELISA in
accordance with manufacturer's instruction (R&D
Systems and BioLegend). The ELISA kits had a detec-
tion limit of 4 pg/ml. Briefly, 100 pl of each diluted
sample was applied in triplicate on 96-well plates
pre-coated with capture antibody for 2 h, followed by
incubation with detection antibody for 1 h and avi-
din-HRP for 30 min. The plates were then developed
using 3, 3', 5, 5'-tetramethylbenzidine and terminated
by 2N HSO4. The OD value was then recorded at 450
nm.

Histopathological and immunohistochemical
examination

Human skin specimens were fixed in 10% for-
malin solution for 48 h. The fixed specimens were
then cut transversely into 5-pm sections. Each section
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was embedded in paraffin and stained with haema-
toxylin and eosin. For immunohistochemical staining,
an indirect avidin/biotinylated alkaline phosphatase
complex method was used, rabbit anti-human CKLF1
antibody was diluted into 5 ng/ul (kind gift from
Prof. Wenling Han, Peking University, Beijing, China)
and used as primary antibody for CKLF1 staining.

Statistical Analysis

All statistical analyses were accomplished by
Student’s t-test using the software SPSS 19.0. The re-

sults were presented as mean * standard deviation ( x
1s). Values of P < 0.05 were considered statistically
significant.

Results
The CKLF1 levels in both serum and skin of the
AD patients were significantly elevated

We first detected the CKLF1 levels in skin ho-

mogenates and in sera of the AD patients. As shown

*

—

180 "
160 -
140 A

p—
o
(=}

100 A

CKLF1 Level (pg/ml)

40

A Serum Skin

ONormal

BAD Patients

in Figure 1 (A), the CKLF1 levels were significantly
increased in AD patients than that in normal controls.

The CKLF1 mRNA was overexpressed in AD
patient’s skin lesions

The expression of CKLFImRNA in skin tissues
from AD patients and normal controls was examined
by real time RT-PCR. As shown in Figure 1 (B), the
CKLF1 mRNA expression levels were significantly
elevated in AD group, compared with the controls.

The serum levels of eotaxin, IL-4, IL-5, IL-13 and
IgE in AD patients were significantly elevated

In order to prove the involvement of eotaxin,
IL-4, IL-5, IL-13 and IgE in AD, their serum levels
were measured in both patients and controls. As
shown in Figure 2 (A), the levels of eotaxin, IL-4, IL-5
and IL-13 in AD patients were significantly higher
than that in normal controls. As shown in Figure 2 (B),
the elevated levels of IgE in AD patients were ob-
served in comparison with that in normal controls.
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Fig 1. Expression of CKLF1 in AD patients. (A): The CKLF1 protein levels in sera and skin of AD patients were significantly higher than that in the controls.
(*P<<0.05) (B): The CKLF1 mRNA levels were significantly higher in AD patients than that in the control group. (*P<0.05).
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Fig 2. The serum levels of eotaxin-1, IL-4, IL-5, and IL-13 in AD patients were significantly higher than that in the controls (A) (*P<0.05). The serum level
of IgE in AD patients was significantly higher than that in the control group (B) (*P<0.05).
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The CKLF1 overexpression is demonstrated
by Histopathological and immunohistochemi-
cal analyses

In skin lesions of AD patients, the pathologic
changes showed slight psoriasiform hyperplasia of
the epidermis with slight hyperkeratosis and some
parakeratosis. There was more lymphocytic infiltra-
tion with admixture of eosinophils and mastocytes in
the AD samples than in the control group, which were
consistent with histopathological characteristics of
AD [11]. The results of immunohistochemical staining
for CKLF1 in the skin indicated that brown granular
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staining of CKLF1 in cytoplasma and nuclei was dis-
tributed on the keratinocytes of granular layer and
basal layer in both patients and volunteers (Figure 3).
The skin lesion in AD patients showed more staining
positive cells and higher intensity in the epidermal
and dermis than that in normal skin. The CKLF1
staining positive cells in upper dermis of the AD pa-
tients were detected in lymphocytes and other infil-
trated cells. There was an obvious increase in CKLF1
staining cells and higher intensity in the dermis of AD
patients than normal controls (Figure 3).
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Fig 3. Histopathological and immunohistochemical analysis of AD skin lesions and controls. Top panel (Normal 1, AD1) as HE staining and the rest as
CKLF1 IHC, the CKLF1 staining positive cells could be found in normal skin (Normal 2, Normal 3, Normal 4) and in skin lesion (AD2, AD3, AD4) of AD
patients. However, the skin lesions in AD patients showed much more CKLF1-positive cells with higher intensity in the epidermal and dermis than that in
normal skins.
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Discussion

Atopic dermatitis is a Th2 lymphocyte-dominant
inflammatory disease and characterized by chronic
and relapsing inflammatory dermatitis. The natural
history and sequence of events in AD pathogenesis
have not been well characterized. The trigger point of
AD is believed to be closely related to the imbalance
of Th1/Th2-type response [12]. The Thl and Th2 cy-
tokines are expressed by a variety of cells and their
functions are different, suggesting that an imbalance
in the expression of Thl and Th2 cytokines may dic-
tate the different immunopathological responses.

Following antigen stimulation, T cells can de-
velop into Th2 cells that secrete IL-4, IL-5, and IL-13 or
into Th1 cells that secrete IL-2 and IFN-y. In the ear-
ly-phase pathogenesis of AD, the mast cells and ba-
sophils are activated by IgE-mediated pathway which
is dependent on a Th2 phenotype of cytokine expres-
sion. IgE itself can regulate the expression of FceRI on
these cells. When exposed to high levels of IgE, the
mast cells and basophils express an increased number
of FceRI receptors, which may cause them to become
more sensitive to allergens, release more mediators at
lower allergen concentrations, and/or release larger
amounts of chemokines and other products in re-
sponse to allergens [13]. In the present study, we
found an increasing production of IgE in the skin le-
sions and serum in AD patients, compared with
normal subjects.

In our study, we found the serum levels of IL-4,
IL-5 and IL-13 in AD patients were increased, indi-
cating their possible role in the AD pathogenesis. It
has been suggested that epicutaneous sensitization of
AD is a kind of Th2-mediated dermatitis [14]. IL-4 is a
key Th2 cytokine important for Th2 cell differentia-
tion, proliferation of B cells, IgE production, and eo-
sinophil recruitment into the skin [15]. Analysis of
CD4+ cord blood T cells indicate that elevated IL-4
levels in these cells are associated with an increased
risk of AD [16]. Numerous in vitro studies have ex-
amined the effects of IL-4 on different cell types found
in the skin [17]. Dermal fibroblasts isolated from pa-
tients with acute AD skin lesions are much more re-
sponsive to IL-4 in their ability to express eotaxin,
another critical cytokine for eosinophil recruitment
[18]. Normal human epidermal keratinocytes treated
with IL-4 show increased expression of eotaxin, a key
chemokine for eosinophil recruitment [19]. IL-5 is a
critical cytokine for eosinophil development, survival
and proliferation [20]. IL-5 plays a nonredundant role
in the differentiation of eosinophils from bone mar-
row precursors [21]. Peripheral blood mononuclear
cells (PBMCs) from patients with both extrinsic and
intrinsic AD produce elevated levels of IL-5 [22].

Along with other cytokines, an elevated IL-5 level is
detected in the skin and serum of AD patients and
mouse models, which was positively correlated with
IgE levels [23]. A previous report has shown that eo-
sinophils are virtually absent in OV A-sentitized skin
sites of IL-5-/- mice [24]. IL-13, a central type 2 cyto-
kine, and its receptors have been shown to be pro-
duced by most immune cells [25]. It shares 20-25%
sequence homology and effector functions with IL-4,
as both cytokines use IL-4Ralpha as a receptor subu-
nit. IL-13 is involved in B-cell maturation, differentia-
tion and IgE isotype switching [26]. It
down-modulates macrophage activity, thereby inhib-
iting the production of proinflammatory cytokines
and chemokines [27]. A skin specific IL-13 transgenic
mouse model exhibits all the key features of AD, in-
cluding pruritic dermatitis, elevated IgE levels, in-
flammatory cell infiltration into the skin, upregulation
of other cytokines and chemokines, and skin fibrosis
[28]. IL-13 treated keratinocytes also increase migra-
tion of CD4+CCR4+ skin homing T cells, thereby
promoting an inflammatory response [29].

Chemokines play an important role in the re-
cruitment of different subsets of inflammatory cells to
allergic sites [30]. Chemokines and their receptors
have specific tissue and cellular distribution patterns,
leading to a selective inflammatory process in re-
sponse to different stimuli. Chemokines are small,
secreted proteins that can be subdivided into the CC,
CXC, C and CX3C classes, according to their
NH;-terminal cysteine-motifs. Eotaxin-1, one of the
important chemotactic factors, promotes eosinophil
infiltration, which is a major phenomenon of the
late-phase reaction. Recent studies indicate a corre-
lation between the serum levels of eotaxin and the
activity of AD [31]. The level of Eotaxin, as well as the
expression of CCR3, is higher in case of skin changes,
with their further increase being observed in AD ex-
acerbations [32].

As a recently identified human cytokine [33],
CKLF1 is a potent chemoattractant for myopathies
[34] and in arthritis [35], it is highly expressed on Th2
lymphocytes and plays an important role in the
pathogenesis of asthma. The expression and function
of CKLF1 are associated with asthma [36]. Mice
treated with intradermal injection of CKLF1 or trans-
genic mice over-expressing CKLF1 develop allergic
asthma. Up to date, there are no literatures reporting
the expression of CKLF1 in skin tissue. In the present
study, we firstly discovered that epidermal layer of
the normal skin expresses CKLF1, indicating that it
may participate in the basic immunologic function of
the skin. However, there were fewer CKLF1 positive
cells in dermis of the normal skin. Recent studies in-
dicate that CKLF1 is highly expressed in many im-
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mune-mediated diseases [37]. In the present study, we
explored the role of CKLF1 in AD, through deter-
mining the levels of CKLF1 in peripheral blood and
the expression of CKLF1 and CKLF1 mRNA in skin
lesions from AD patients. We found that serum
CKLF1 levels in AD patients were significantly in-
creased and positively correlated with serum Th2
cytokines IL-4, IL-5 and IL-13. We also found that skin
CKLF1 protein and mRNA levels were significantly
elevated in AD patients than that in the normal con-
trols. Immunohistochemical staining results indicated
that CKLF1 in cytoplasma and nuclei[38] was distrib-
uted on the keratinocytes of granular layer and basal
layer of skin from AD patients as well as in normal
controls. However, the skin lesions in AD patients
showed more staining positive and intense cells in the
epidermal than that in normal skin. CKLF1 staining
positive cells in the upper dermis of the AD patients
were detected in lymphocytes and other infiltrated
cells. There were more CKLF1 positive staining cells
infiltrated in the dermis of skin lesions in atopic der-
matitis than those in normal skin. Our experimental
results indicate that CKLF1 may participate in multi-
ple immunological inflammation in AD. CKLF1 is a
human cytokine that exhibits chemotactic activities.
CC chemokine receptor 4 (CCR4), a member of
G-protein coupled receptor family, is expressed on
various cells and tissues, which is a specific marker
for Th2-type lymphocytes. CKLF1 is also one of the
ligands of CCR4 [39], which plays an important role in
the occurrence and progression of AD. As one of the
important chemokine receptors in AD, CCR4 is highly
expressed in most AD skin lesions [40], thus making it
a potential target for treating inflammatory diseases.

In conclusion, the CKLF1 expression is increased
in peripheral blood of AD patients, and there is a sig-
nificant increase in the number of CKLF1 positive
cells in AD skin lesions. Since CCR4 is chemokine
receptor important to AD and CKLF1 is a functional
ligand for human CCR4, we suggest that CKLF1 may
have a functional role in AD development and there-
fore it may be a new target for the treatment of pa-
tients with AD.
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