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Significantly elevated expression of PF4 (platelet factor 4) and eotaxin in
the NOA mouse, a model for atopic dermatitis

Abstract The NOA (Naruto Research Institute Otsuka
Atrichia) mouse, an animal model of allergic or atopic
dermatitis, exhibits ulcerative skin lesions associated with
accumulation of mast cells and eosinophils, a significantly
increased level of serum IgE, and scratching behavior.  To
investigate genetic contributors to the pathological process
of dermatitis in this murine model, we looked for genes that
were expressed differently in spleens of NOA mice com-
pared with controls, by means of a differential display
method.  We cloned and characterized one gene that re-
vealed a significantly higher expression in the NOA mouse
than in control strains.  Its cDNA consisted of 570 nucle-
otides, including 315 nucleotides of open reading frame
encoding 105 amino acids.  The deduced amino acid se-
quence identified this gene as the murine homologue of rat
and human platelet factor (PF) 4s (89% identity and 64%
identity in 105 amino acids, respectively). PF4 is a heparin-
binding protein that is released from α-granules of activated
platelets and belongs to the family of chemokine molecules
that contain a CXC motif.  Our results suggested that in-
creased expression of PF4 may play an important role in the
etiology of allergic dermatitis.
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Introduction

Atopic dermatitis, a condition characterized by spotty ul-
cerative eruptions, itching, and recurrent remission and
progression, is one of the most common allergic diseases
of humans worldwide.  Often, patients and their family
members are also affected with bronchial asthma, allergic
rhinitis, or conjunctivitis, and tend to have high levels of
serum IgE (Hanifin and Rajka 1980). Although the
mechanisms underlying these burdensome symptoms are
unclear, it is certain that they are related to dysfunction of
the immuno-regulatory system.  A large number of re-
search groups have been intensively investigating allergic
disorders by various genetic and/or molecular biological
approaches (Coleman et al. 1997). However, since mul-
tiple genetic and environmental factors are at play, studies
that rely on human subjects are extremely complicated.
Some investigators have implicated the involvement of
FcεRIβ on human chromosome 11, and interleukin 4 on
chromosome 5, in the pathology of human atopic
dermatitis (Cookson et al. 1992; Shirakawa et al. 1994;
Marsh et al. 1994; Noguchi et al. 1997), but other reports
are contradictory (Hizawa et al. 1992; Kofler et al. 1996).
Hence, if an animal model with a disease phenotype simi-
lar to human atopic dermatitis is available, genetic analy-
ses will become much easier.

The NOA (Naruto Research Institute Otsuka Atrichia)
mouse has ulcerative skin lesions associated with a remark-
able histology that features large numbers of mast cells and
eosinophils in and around the lesions (Kondo et al.1997).
This strain also shows significantly elevated serum IgE lev-
els (Kondo et al.1997).  Therefore we have chosen to inves-
tigate this mouse as a model for revealing the genes
involved in the etiology of atopic dermatitis.

In recent years various cytokines have been implicated in
allergic responses.  Using spleen tissues, we employed a
polymerase chain reaction (PCR)-based technique called
differential display (Liang and Pardee 1992) for screening
genes that may be expressed differently in NOA mice and
control strains.  As differential display is designed to isolate
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Fig. 1. Northern-blot analysis of platelet factor 4 (PF4) in the spleens of
NOA, C57BL/6J, and BALB/c mice at two different ages.  Fragments
obtained from differential display were amplified and used as probes.
β-Actin expression served as a quantitative control. W, Weeks

Fig. 2. Comparison of the predicted amino acid sequence of mouse (M), rat (R), and human (H) PF4s

a defined sub-population of transcripts, it is a powerful and
proven tool for identifying genes that are expressed differ-
ently among various tissues or cell lines (Ozaki et al.1996;
Lim et al. 1997).  In the study reported here we isolated a
novel cDNA, the apparent murine homologue of rat and
human platelet factor (PF)4, whose expression was signifi-
cantly elevated in the NOA mouse.

Materials and methods

Differential display

Total RNA was extracted from the spleens of NOA and
C57BL/6J mice with acid guanidine thiocyanate-phenol-
chloroform (Trizol reagent; Life Technologies, Rockville,
MD, USA).  From the total RNA, mRNA was isolated with
Oligotex-dT30 (Japan Roche, Tokyo, Japan). cDNAs were
synthesized with Superscript II reverse transcriptase (200
units; BRL, Gaithersburg, MD, USA) and 39-anchored
oligo (dT) primer g (T) 15MA (M represents a mixture of
G, A, and C).

The differential display method was performed as de-
scribed previously (Ozaki et al.1996), except that the
primer was labeled with 33P.  Labeling was carried out as
follows: 1  µl of arbitrary primer was mixed with 3 ml of
33P-dATP, 1 µl of 10 × kinase buffer (Toyobo, Tokyo,
Japan), and 0.5 µl of poly-nucleotidekinase (Toyobo), in
4.5 µl of distilled water, and incubated at 37oC for 30 min.
After ethanol precipitation the primer was dissolved in 5
µl of distilled water.

Northern-blot analysis

Northern blotting was performed using mRNAs isolated
from the spleens of NOA mice and two control strains
(C57BL/6J and BALB/c) at 8 and 30 weeks of age, since we
considered that differences in immunologic response could
occur with time.  A 0.5-µg aliquot of each poly (A) RNA
was separated by electrophoresis on a 1% agarose gel con-
taining 6% formalin, and transferred onto a charged-nylon
membrane.  Prehybridization and hybridization took place
in a solution containing 50% formamide, 5 × Denhardt’s
solution, 6 × saline-sodium citrate solution (SSC), and 1%
salmon sperm DNA.  cDNA fragments that had been iso-
lated in the differential display were labeled with 32P-dCTP
by random-oligonucleotide priming.  Membranes were
washed twice for 20 min in 0.1 × SSC/0.1% sodium
dodecylsulfate (SDS) at 50°C.  Radioactivity was measured
by means of a BAS 1000 Bioimage analyzer (Fujix, Tokyo,
Japan)

RACE (Rapid Amplification cDNA Ends) and DNA
sequence

59 RACE experiments were performed essentially accord-
ing to the supplier’s recommendations (Marathon cDNA
Amplification Kit, Clontech, Palo Alto, CA, USA).  Am-
plified 59 cDNA fragments were subcloned into pT7-
BlueT (Novagen, Madison, NI, USA).  Nucleotide
sequences were determined with an ABI PRISM 377
DNA sequencer (Perkin-Elmer corporation, Norwalk,
CT, USA).
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Results

To isolate novel genes associated with dysfunction of the
immuno-regulatory system that may play crucial roles in the
development of dermatitis in the NOA mouse, we used the
differential display method to screen splenic mRNAs for
genes that may be differently expressed in NOA and control
mice.  Using various primer sets, we identified a number of
bands that indicated significantly higher or lower expression
in the spleens of NOA mice. Northern-blot analysis using a
PCR-amplified fragment corresponding to one such band
confirmed that the expression level in the NOA mouse was
higher than that in control strains (Fig. 1).  Furthermore, in
the NOA strain, expression of this gene was stronger in 30-
week-old mice than in 8-week-old mice, while in some con-
trols its expression tended to decrease slightly with age.

To obtain a full-length cDNA of the unknown gene, we
performed 59RACE and obtained a total of 570 nucleotides
containing 315 nucleotides of the open reading frame en-
coding 105 amino acids.  Since the size of the transcript was
estimated to be about 650 bp on the basis of Northern
analysis, we considered that the cDNA clone obtained from
the RACE experiments covered almost the entire tran-
script.  A homology search using the FASTA program (The
Genome Net Database Service Japan (http://www.genome.
ad.jp), revealed that the amino acid sequence predicted by
this cDNA was 89% identical to rat PF4 and 64% identical
to human PF4 (Fig. 2).  This high degree of homology
indicated that the gene isolated in these experiments was
probably the murine homologue of rat and human PF4s.
We termed this gene Pf4  (this gene will appear in the DDBJ/
EMBL/GenBank nucleotide sequence database with the
accession number AB017491.)

Infiltration by eosinophils occurs in and around ulcerative
lesions in atopic dermatitis.  Therefore we also investigated the
expression of two other chemokines, RANTES (regulated
upon activation, normal T cell expressed and secreted) and
eotaxin, which are thought to play important roles in eosino-
philic infiltration (Doi et al. 1987; Poncz et al 1987).  As shown
in Fig. 3, the expression of eotaxin was significantly elevated in
the 30-week old  NOA mice compared with controls of the
same age, although RANTES was not.  Furthermore, as with
PF4, eotaxin expression increased with age in the NOA mouse
while it remained the same in the C57BL strain and decreased
in the BALB strain at 30 weeks.  The NOA mouse appeared to
express RANTES more strongly than did the BALB strain,
but not very differently from C57BL mice.

Discussion

Multiple genetic and environmental factors contribute to
atopic dermatitis, the most common skin disease in western
countries.  Intensive investigations for genes underlying the
etiology of this condition have been undertaken by a large
number of groups worldwide; some reports indicate that
FcεRIβ on human chromosome 11 and interleukin 4 on chro-
mosome 5 play roles in human atopic dermatitis (Cookson et

al. 1992; Shirakawa et al. 1994; Marsh et al. 1994; Noguchi et
al. 1997).  However, since contradictory results have also
been reported (Hizawa et al. 1992; Kofler et al. 1996), the
genetic mechanisms involved remain unclear.

We chose the NOA mouse as an animal model because
its pathological and serological features and scratching be-
havior closely resemble the manifestations of human atopic
dermatitis (Kondo et al.1997).  As this allergic condition is
probably caused by dysfunction of the immunoregulatory
system, we screened murine splenic mRNAs to detect genes
that may be expressed differently in this tissue of NOA
mice compared with control strains.

One gene we isolated by this approach appeared to be
the murine homologue of human and rat PF4 genes
(Broekman et al 1975; Kaplan et al 1979).  PF4 belongs to
the family of chemokines that contain a CXC motif, it is
produced in megakaryocytes and packaged into α-granules
for release when platelets are activated (Ryo et al. 1983;
Moore et al. 1975; Rucinski et al 1979).  PF4 binds strongly
to heparin, and neutralizes heparin-like molecules in the
serum and on the surface of endothelial cells (Bruijinzeel et
al 1993; Alam et al.1993).  Moreover, in patients with atopic
dermatitis, eosinophils show an elevated migratory re-
sponse towards PF4 (Yamada et al.1996).  PF4 may be a
molecule that induces eosinophils toward the ulcerative
skin lesions characteristic of this disease.

RANTES and eotaxin, two chemokines that contain the
CC motif, are considered to play important roles in infiltra-
tion by eosinophils.  RANTES may be related to local in-
flammation and allergy (Doi et al. 1987; Garcia-Zepeda et
al. 1996), as its expression tends to be elevated in the skin
and colon of patients with atopic dermatitis (Garcia-
Zepeda et al. 1996).  Eotaxin activates the migratory re-
sponse of both eosinophils and basophils, and it is a specific
chemo-attractant for eosinophils (Poncz et al 1987).  Our
Northern-blot analyses showed that PF4 and eotaxin were
both expressed more strongly in the spleens of adult NOA
mice than in younger mice, but expression levels of both

Fig. 3. Northern-blot analysis of regulated upon activation, normal T-
cell expressed and selected (RANTES) and eotaxin in splenic tissues of
NOA, C57BL/6J, and BALB/c mice at two different ages.  Fragments
obtained from differential display were amplified and used as probes.
β-Actin expression served as a quantitative control. W, Weeks
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genes either decreased or were unchanged in the two con-
trol strains.  Although RANTES expression in NOA mice
was not stronger than in mice of the other control strains, of
the same age, its expression in adult NOA mice was stron-
ger than that in younger NOA mice.  Ulcerative skin lesions
develop in 30% of NOA mice by 10 weeks of age, and in
90% by 20 weeks (Kondo et al.1997).  Hence, increased
expression of some chemokines in the spleens of adult
NOA mice may play a significant role in the development of
atopic dermatitis.  Since very little is known about the rela-
tionship between chemokines and atopic disorders, the
findings reported here should be of value for investigating
the etiology of allergic responses.
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