
Abstract. Background: Mouse AgK114 (a glycosylphospha-
tidylinositol (GPI) anchored membrane-associated protein)
expression is found in somatotrophs of the pituitary gland in
correlation with the expression of growth hormone. In this
study, the effects of AgK114 on the systemic immune response
were examined in contact hypersensitivity (CHS) model mice.
Materials and Methods: AgK114 was intraperitoneally injected
into BALB/c mice that were sensitized and challenged with
picryl chloride (PiCl). Serum IgE levels and the antigen-
specific cytokine production by lymph node (LN) cells were
examined. Results: The serum IgE levels in the CHS mice
treated with 10 Ìg/head of AgK114 during the repeated
challenge with PiCl were significantly decreased compared with
those of the control mice. Moreover, IL-4 production by LN
cells in response to 2,4,6-trinitrobenzene-sulfonic acid sodium
salt-treated splenocytes was decreased in the AgK114-treated
CHS mice compared with that of the control mice.
Conclusion: Our results suggest that systemic administration
of AgK114 exerted immunoregulatory functions on the allergic
responses, resulting in the inhibition of IgE production.

By immunizing mice with hamster keratinocytes, a
monoclonal antibody K114 (mAb K114) was established
that recognizes a 50- to 90-kDa cell-surface protein, which
is restrictedly expressed in the dermal sheath cells near the
bulge area of the hair follicle and in the differentiated
sebocytes of normal adult hamster skin (1). Thereafter, the
K114 antigen (AgK114) was identified. Interestingly, the
expression of AgK114 (a glycosylphosphatidylinositol (GPI)
anchored membrane-associated protein) was transiently

induced in basal epidermal keratinocytes after UV
exposure. Moreover, AgK114 was also induced in
elongating edge epidermal keratinocytes during excised
wound tissue regeneration (2). In addition, AgK114 was
transiently expressed on epidermal keratinocytes in picryl
chloride (PiCl)-induced inflammation models of mice
(unpublished data). 

To determine the physiological role of AgK114, its tissue
distribution was studied  in healthy mice by immuno-
cytochemistry using anti-mouse AgK114 mAb. A
widespread and characteristic expression of AgK114 was
found in the selected organs of various systems (hair follicle
cells and sebaceous glands of skin, ciliated epithelial cells of
the trachea and bronchial tubes, the striated portion of the
submandibular glands, distal convoluted tubule cells of the
kidney, ciliated epithelial cells of the oviduct, medulla of the
adrenal grands and anterior lobe of the pituitary gland) (3).
In addition, AgK114 expression was found in somatotrophs
of the pituitary gland by double staining with anti-growth
hormone antibodies and mAb AgK114 (3).

Recently, it became clear that hormone-producing cells
also produce many kinds of cytokines, growth factors and
peptides that have biological activities in regulating cell
growth and hormone secretion (4, 5). It is possible,
therefore, that the AgK114 peptide may be secreted as an
endocrine hormone in somatotrophs and may have some
paracrine and/or autocrine activities in the pituitary gland. It
is also implied that AgK114 exerts systemic biological
responses, although the physiological function of AgK114
remains to be clarified. In this study, the effects of AgK114
on the immune response in inflammatory model mice were
examined.

Materials and Methods

Animals. Five-week-old male CD-1 mice were purchased from
Charles River Japan (Kanagawa, Japan) and were used at 6 weeks
old. Eight-week-old female BALB/c mice were also purchased from
Charles River Japan. These mice were maintained in a room with
a 12-h light/12-h dark cycle, with the temperature and humidity set

347

Correspondence to: Chikako Arai, Ph.D., Fujisaki Institute,
Hayashibara Biochemical Laboratories, Inc., 675-1 Fujisaki,
Okayama 702-8006, Japan. Tel:+81-86-276-3141, Fax:+81-86-276-
6885, e-mail: fujisaki@hayashibara.co.jp

Key Words: Contact hypersensitivity, AgK114, picryl chloride, IgE,
mouse.

in vivo 20: 347-352 (2006)

Effect of AgK114 on Picryl Chloride-induced Chronic 
Contact Hypersensitivity Responses

CHIKAKO ARAI1, TOMOKI TATEFUJI1, TETSUYA MORI2, AKIKO MIZOTE1, 
KEIZO KOHNO1, TSUNETAKA OHTA1 and SHIGEHARU FUKUDA1

1Fujisaki Institute, Hayashibara Biochemical Laboratories, Inc., 675-1 Fujisaki, Okayama 702-8006;
2Amase Institute, Hayashibara Biochemical Laboratories, Inc., 7-7 Amase-Minami-machi, Okayama 700-0834, Japan

0258-851X/2006 $2.00+.40



at 23±2ÆC and 55±5%, respectively. The animals were provided
with food and tap water ad libitum. All animal care and
experiments were performed in accordance with the Animal
Experimentation Guidelines of our institute.

Preparation of recombinant mAgK114-1 protein. The cDNA encoding
the presumptive soluble form of mAgK114 (NCBI Nucleotide
Accession No. AK002767, NCBI Protein Accession No. BAB22342,
194 amino acid residues ) was inserted into pREF-XN, an
eukaryotic expression vector (6), in which the expression of the gene
is under control of the cytomegalovirus enhancer and EF-1
promoter. The resulting expression vector was transfected into
CHO-K1 cells maintained in Ham’s F12 medium supplemented
with 10% fetal calf serum (FCS), by electroporation using a Gene
Pulser (Bio-Rad Laboratories, Hercules, CA, USA). After selecting
the transformed cells in the presence of 400 Ìg/ml G-418
(Geneticin, Invitrogen, Carlsbad, CA, USA) and screening, the
clone with the highest production level, CHO-mAgK114b 16-38,
was chosen. The soluble mAgK114 protein was purified from the
culture supernatants by a series of column chromatographies of
WGL-sepharose 6B (Amersham Bioscience, Piscataway, NJ, USA),
Chelating-sepharose (Amersham Bioscience), followed by Superdex
200 (Amersham Bioscience). The prepared mAgK114 protein was
confirmed by analyzing the N-terminal amino acid sequence.

Reagents. PiCl (1-chlolo-2,4,6-trinitrobenzene; Katayama Chemical
Ind., Osaka, Japan) was used after recrystallization with ethanol.
For sensitization and elicitation of contact hypersensitivity (CHS)
responses in mice, an appropriate PiCl solution was prepared in
ethanol/acetone (4:1, sensitization) or ethanol/olive oil (1:4,
elicitation). 2,4,6-Trinitrobenzene-sulfonic acid sodium salt (TNBS)
was purchased from Nacalai Tesque (Kyoto, Japan).

Effect of AgK114 on cytokine production by splenocytes of normal
mice. Seventy-five Ìg of AgK114 were intravenously (i.v.) injected
into male CD-1 mice. Twenty-four hours after the i.v. injection, the
spleens were removed and single cell suspensions were prepared in
RPMI 1640 medium supplemented with 10% FCS at a cell density
of 5x106 cells/ml. The cells were stimulated with 10 Ìg/ml of

concanavalin A (ConA) for 72 h at 37ÆC. After incubation, the
culture supernatants were collected and the cytokine levels
determined by a specific sandwich enzyme-linked immunosorbent
assay (ELISA) as described below.

Effect of AgK114 on cytokine production by splenocytes from CHS model
mice. The in vivo treatment protocol is summarized in Figure 1.
Female BALB/c mice were sensitized by a single epicutaneous
application of 150 Ìl of 5% PiCl to the shaved back, as previously
described (7). Five days after the sensitization, the animals were
challenged by applying 10 Ìl of 1.0% PiCl to the ear, which was
repeated four times to the originally sensitized ear at 7-day
intervals. In the repeated epicutaneous elicitation experiment, the
mice were intraperitoneally injected three times/week with 1 or 
10 Ìg/mouse of AgK114, or with mouse serum albumin (MSA) in
saline from 4 days before sensitization, to the 27th day after
sensitization. Blood sampling was perfomed by tail vein puncture
6 days after the second and third elicitation and whole blood was
collected from the postcaval veins 6 days after the fourth
elicitation. Serum prepared from each blood sample was used for
IgE quantification by a sandwich ELISA. Six days after the fourth
elicitation, the mice were sacrificed and the submandibular lymph
nodes (LN), axillary LN, inguinal LN and mesenteric LN were
removed. Single cell suspensions were prepared in RPMI 1640
medium supplemented with 10% FCS at a cell density of 1x107

cells/ml. An equal volume of LN cells was co-cultured with 4x106

cells/ml of TNBS-treated splenocytes from normal mouse. After
incubation for 48 h at 37ÆC, the culture supernatants were
collected and the levels of IL-4 and IFN-Á were determined by
specific sandwich ELISA, as described below. Representative data
from two similar experiments are shown in Figure 3 (serum IgE
levels) and in Figure 4 (cytokine production by LN cells).

Measurement of cytokines. The IL-4 and IL-10 levels were determined
by ELISA using the capture (purified anti-MuIL-4 mAb, #BD-554387
and purified anti-MuIL-10 mAb, #BD-554422) and detection
(biotinylated anti-mouse IL-4 mAb, #BD-554390 and biotinylated
anti-mouse IL-10 mAb, #BD-554423) of mAb pairs, according to the
procedure suggested by BD PharMingen (San Jose, CA, USA).
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Figure 1. Schematic diagram of contact hypersensitivity response (CHR) elicitation with test samples. Five days after sensitization, the mice were
challenged with a volume of 10 Ìl/ear of 1% PiCl at 7-day intervals. In the repeated elicitation, the mice were intraperitoneally injected three times/week
with 1 or 10 Ìg/mouse of AgK114 or mouse serum albumin (MSA) in saline.



Purified mouse IL-4 (#BD-550067) and IL-10 (#417-ML, R&D
Systems, Minneapolis, MN, USA) antibodies were used as the
standard. IFN-Á was measured according to the published procedure
developed in our laboratories (8). Purified anti-MuIFN-Á polyclonal
Ab (pAb) and the MuIFN-Á standards were prepared in our
laboratories and a biotinylated anti-MuIFN-Á mAb (#BD-554410)
was used. The lower detection limits were 12.5 pg/ml, 250 pg/ml and
0.094 IU/ml for IL-4, IL-10 and IFN-Á, respectively. 

Statistical analysis. The statistical significance of differences in each
parameter was assessed by the Student’s t-test. P-values less than
0.05 were considered statistically significant. 

Results

Effects of AgK114-1 on cytokine production by murine
splenocytes. To assess the effects of AgK114 on cytokine
production by murine splenocytes, 75 Ìg of AgK114 were
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Figure 2. Effect of AgK114 on cytokine production by murine splenocytes.
Seventy-five Ìg of AgK114 were intravenously injected into the mice.
Twenty-four hours after the injection, splenocytes were prepared and
stimulated with ConA for 72 h. The culture supernatants were collected
and the levels of IL-4 (A), IL-10 (B) and IFN-Á (C) were determined by
specific sandwich ELISA. The data are the mean±SEM (n=5
mice/group). * p<0.05, ** p<0.01.

Figure 3. Effect of AgK114 on total IgE levels in the sera of sensitized
BALB/c mice. Sera were collected from each group of mice and the total
IgE antibodies were determined by ELISA. The data are the mean±SEM
(n=5 mice/group). *p<0.05.

Figure 4. Effect of AgK114 on IL-4 (A) and IFN-Á (B) production by
lymph node cells of mice in response to TNBS-treated splenocytes after
repeated challenge with PiCl. During the repeated epicutaneous elicitation,
the mice were intraperitoneally injected three times/week with 10 Ìg of
AgK114 or MSA/saline. Six days after the fourth elicitation, the mice were
sacrificed and the lymph nodes were removed. The lymph node cells were
prepared and co-cultured with TNBS-treated splenocytes from normal
mouse for 48 h. The levels of IL-4 and IFN-Á in the culture supernatants
were determined by specific sandwich ELISA. The data are the mean±SEM
(n=7 mice/group).



i.v. injected into the mice and the splenocytes were prepared
and stimulated with ConA in vitro. Splenocytes from the
control mice produced 81.59±23.4 pg/ml (mean±SEM,
n=5) of IL-4 when stimulated with 10 Ìg/ml of ConA for 48
h. Surprisingly, the injection of AgK114 resulted in a
remarkable decrease of IL-4 production to 9.7% of that of
the control mice (7.94±3.14 pg/ml; mean±SEM, n=5)
(Figure 2A). Moreover, while splenocytes from the control
mice produced 2,051.0±194.8 pg/ml (mean±SEM, n=5) of
IL-10, the treatment with AgK114 resulted in a significant
decrease to 3.2% of that of the control mouse splenocytes
(66.6±66.7 pg/ml; mean±SEM, n=5) (Figure 2B). In
contrast, the IFN-Á production by the ConA-stimulated
splenocytes was comparable between the control group and
the AgK114-treated group, at 47.5±1.0 IU/ml and 39.0±3.1
IU/ml (mean±SEM, n=5), respectively (Figure 2C). Thus,
systemic treatment with AgK114 suppressed both the IL-4
and IL-10 production by splenocytes stimulated with ConA,
suggesting that AgK114 suppresses Th2 cytokine
production. These results further suggest that AgK114 may
have a suppressive effect on IgE production, since IL-4 is
an important cytokine for IgE class switching.  

Effects of AgK114-1 on serum IgE levels induced by repeated
challenge with PiCl. Kitagaki et al. demonstrated that a
gradual elevation in serum levels of antigen-specific IgE was
associated with the development of immediate-type
response followed by a late phase reaction in a model of
contact hypersensitivity response (CHR) induced by
repeated challenge with PiCl to the ear of mice (9). We
examined the effect of AgK114 on the serum IgE levels by
determining the total IgE levels in the sera obtained from
mice with chronic CHR elicited by repeated challenge with
PiCl. Although the serum IgE levels in normal mice were
287±74.6 ng/ml (mean±SEM, n=3), the serum IgE levels
in the CHS control group increased to 15,545±2,399 ng/ml
(mean±SEM, n=5) by repeated challenge with PiCl. In
contrast, AgK114 treatment dose-dependently suppressed
the increase in total serum IgE levels (Figure 3). The
elevation of the serum IgE levels was suppressed to
10,597±2,119 ng/ml (mean±SEM, n=5) in the 1 Ìg-AgK114-
1-treated group. Furthermore, the levels were significantly
decreased to 8,882±1,370 ng/ml (mean±SEM, n=5)
(p<0.05) in the 10 Ìg-AgK114-1-treated group. Thus, the
elevation in total serum IgE levels that had been induced by
repeated challenge with PiCl was suppressed by the
intraperitoneal injection of AgK114. 

Effects of AgK114 on cytokine production by lymph node cells
of mice in response to TNBS-treated splenocytes after repeated
challenge with PiCl. In addition to the findings of Kitagaki et
al. (9), Nagai et al. (10) reported that repeated application of
2,4-dinitrofluorobenzene induced eczematous dermatitis and

increased serum hapten-specific and total IgE levels in mice.
They showed that IgE production was mediated by Th2-type
T cells in the local lymph nodes and that IgE class switching
and IgE production occurred in the local lymph nodes and in
both lymph nodes and spleen, respectively. Furthermore,
these authors mentioned that high levels of IL-4 mRNA in
the local lymph nodes was observed, corresponding to the
raised serum IgE levels. We, therefore, examined whether
AgK114 would decrease IL-4 production via suppression of
the Th2-type T cells, resulting in the suppression of serum
IgE levels as shown in Figure 3.

As shown in Figure 4, treatment of the CHS mice with 
10 Ìg of AgK114 resulted in a decrease of IL-4 production by
the lymph node cells in response to TNBS-treated
splenocytes (60.5±9.8 pg/ml, mean±SEM, n=7) compared
to the control group of mice (77.9±8.0 pg/ml, mean±SEM,
n=7), although the difference was not statistically significant
(p=0.19). On the other hand, antigen-stimulated IFN-Á
production was comparable between the control and
AgK114-treated groups (3.14±0.1 IU/ml and 3.06±0.3 IU/ml,
respectively, mean±SEM, n=7) (Figure 4B). These results
suggest that the intraperitoneal injection of AgK114
suppressed IgE elevation, at least partly, by inhibiting the
production of IL-4, a cytokine which induces IgE class
switching. 

Discussion

The skin is the largest organ in the human body. It acts not
only as an important structural barrier against injury, but
also as a peripheral arm of the immune system.
Understanding the immune system of the skin would clarify
the inflammatory response there. The chance of daily
exposure to various kinds of chemicals has increased,
accompanied by an increased incidence of contact
hypersensitivity, a dendritic cell-dependent, T cell-derived,
cytokine-mediated skin inflammation. Cytokines derived
from Langerhans cells (IL-12) and from T cells (IFN-Á, 
IL-4, IL-10) play a pivotal role in the induction and
initiation of CHS (11). 

Recently, we found that AgK114 promoted wound
healing (18), suggesting that it plays a role in the recovery
from the inflammatory response, although the mechanisms
are not well known. Here the immunoregulatory effects of
AgK114 were examined using a CHS model. 

In normal mice, systemic treatment with AgK114 resulted
in a marked and significant suppression of both IL-4 and 
IL-10 production by splenocytes, with no effect on IFN-Á
production. Moreover, AgK114 slightly suppressed IL-4
production by lymph node cells from the CHS mice. Thus, it
seems likely that AgK114 regulates the immune system,
probably by suppressing the Th2 response in addition to the
promotion of wound healing. 
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It is known that repeated application of PiCl induces
increased IL-4 production in inflammatory tissues. We found
here that the increase in IL-4 levels by repeated application of
PiCl was slightly suppressed by intraperitoneal injection of
AgK114. Therefore, reduction of the total IgE level may be
partly explained by the reduction of IL-4 by AgK114. Multiple
lines of evidence show that the Th1- and Th2-type of immune
responses are reciprocally regulated in vivo (12-14). IFN-Á,
which is mainly produced by Th1 cells, especially inhibits the
proliferation of Th2 cells and their IL-4 production (15, 16).
However, AgK114 did not affect IFN-Á levels, suggesting that
administration of AgK114 leads to a decrease in the IL-4
production through a mechanism other than the up-regulation
of IFN-Á production. In this regard, it was reported that the
IL-4 concentration in the inflamed tissues was significantly
reduced by oral administration of Hochu-ekki-to (HET), a
Japanese herbal medicine, whereas no significant changes of
IFN-Á concentration were observed (17). The inhibitory effect
of HET on IL-4 production was shown to be due not to Th1
activation, but to direct inhibition of IL-4 production, although
the mechanism is not known at present. These results, together
with our current findings, suggest the existence of a pathway
for inhibiting Th2 cytokine production other than the cross-
regulatory mechanism between Th1 and Th2 cytokines. The
mechanism by which AgK114 inhibits the increase in the IL-4
production after antigen exposure is now being studied. 

In summary, it was shown that intraperitoneal injection
of AgK114 suppressed total IgE elevation, at least partly,
by down-regulating the IL-4 production in the CHS mouse.
These results together with the wound healing activity of
AgK114 previously reported, suggest that the application
of AgK114 would be beneficial for the treatment of
allergic diseases.
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