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1 To study the role of interleukin (IL)-4 in the onset of contact hypersensitivity (CH) in mice, the
effect of IL-4 gene-depletion and anti-IL-4 monoclonal antibody treatment on dinitrofluorobenzene
(DNFB)-induced CH was examined. Simultaneously, to clarify the effect of background gene,
DNFB-induced CH in BALB/c and C57BL/6 mice was compared.

2 Five repeated topical applications of DNFB to the ears of mice resulted in CH of the ears in
terms of increases in ear thickness and histopathological changes. The magnitude of ear thickness
increase in BALB/c mice was almost three times greater than that in C57BL/6 mice.

3 The CH in BALB/c mice was significantly suppressed by IL-4 gene-depletion and anti-IL-4
monoclonal antibody treatment. In contrast, the symptoms of dermatitis in C57BL/6 mice were
slightly affected by the same treatment. These changes corresponded well to the production of
specific IgE antibody.

4 Total IgE antibody production and the expression of productive C¢e mRNA were dramatically
suppressed by IL-4 gene-depletion and anti-IL-4 treatment in BALB/c and C57BL/6 mice. Neither
total IgG nor IgM levels in either strain of mice was altered by depletion of 1L-4.

5 The expression of IFN-y in the skin lesion was dramatically suppressed by IL-4 gene-depletion in
BALB/c mice, but not in C57BL/6 mice.

6 These findings indicate that IL-4 plays an important role in the onset of DNFB-induced CH in
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BALB/c mice, but not in C57BL/6 mice.
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Introduction

Our previous studies demonstrated that five repeated topical
applications of 2,4-dinitrofluorobenzene (DNFB) to the ears of
BALB/c mice resulted in contact hypersensitivity (CH) of the
ears as well as significant elevations of dinitrophenyl (DNP)
specific IgE antibody and total IgE antibody in the serum
(Nagai et al., 1997a,b; 1999). Severe eczematic histopatholo-
gical changes and high expression of interleukin (IL)-2 and
interferon (IFN)-y mRNAs were observed in ear lesions.
Simultaneously, high expressions of 1L-4, IL-5, and germline
and productive Ce mRNAs were detected in the lymph nodes.
These results suggest the participation of T helper (Th) 1 cells
for the onset of dermatitis in the skin lesions, and the
participation of Th2 cells for the production of IgE antibody
in the lymph node.

As for the role of cytokines for the development of CH,
some investigators have reported the main role of Thl cell-
derived cytokines including IL-12 and IFN-y (Abe et al., 1996;
Riemann et al., 1996; Xu et al., 1996; 1998). In addition, some
other investigators pointed out the inhibitory effect of IL-10, a
Th2 cell-derived cytokine, on the development of CH (Maguire
et al., 1997; Meng et al., 1998). In addition to IL-10, the role of
IL-4 in the development of CH was also reported, because 1L-4
is well known as a key cytokine in the development of T cells,
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especially Th2 cells (Brown & Hural, 1997; Lewis et al., 1993;
Tepper et al., 1990). But the results were inconstant. Gautam et
al. (1992) reported the suppressive effect of IL-4 in the
development of CH, but Salerno et al. (1995) and Weigman
et al. (1996) have pointed out the phlogistic activity of IL-4.

The present study was, therefore, conducted to clarify the
role of IL-4 in T cell-mediated CH by employing 1L-4 gene-
deficient mice and anti-IL-4 monoclonal antibody treatment.

Moreover, some researchers have pointed out that the
disease susceptibility of gene-targeted mice is strongly affected
by the background genes and mouse strain (Frankel, 1998;
Fujii et al., 1997; Lohoff et al., 1998; Mulle et al., 1998; Postma
et al., 1995; Petit-Frere et al., 1993; Schauwecker & Steward,
1997; Sjolander et al., 1998). Mice from two different
backgrounds, BALB/c and C57BL/6 strains, were used to
research the roles of IL-4 in the development of DNFB-
induced CH.

Methods

Animals

Female BALB/c and C57BL/6 background IL-4 gene-
deficient mice were purchased from Jackson Laboratory
(U.S.A)). Female BALB/c and C57BL/6 mice were also
purchased from Jackson Laboratory. Mice were housed in
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plastic cages in an air-conditioned room at 24°C, fed a
standard laboratory diet, and given water ad libitum. All
experiments were carried out following the guidelines for the
care and use of experimental animals by the Japanese
Association for Laboratory Animal Science in 1987.

Reagents and antibodies

DNFB was purchased from Nacalai Tesque Inc., Tokyo,
Japan. Monoclonal anti-mouse IgE antibody (LO-ME-3,
Serotec Co. Ltd., Oxford, U.K.), peroxidase-conjugated
streptavidin (Dakopatts a/s, Glostrup, Denmark), bovine
serum albumin (BSA for ELISA grade, Sigma Chemical Co.
Ltd., St. Louis, MO, U.S.A.), DNP-BSA (LSL Co. Ltd.,
Tokyo, Japan), NHS-LC-Biotinylation kit (Pierce Chemical
Co. Ltd., Rockford, IL, U.S.A.), peroxidase labelled anti-
mouse IgE (Nordic Immunology Co. Ltd., Tilbug, Nether-
lands), goat anti-mouse IgG and IgM, peroxidase labelled
goat anti-mouse IgG and IgM (Organon Teknika Co.
Turnhour, Belgium), substrate kit (Sumitomo Bakelite Co.
Ltd., Tokyo, Japan), ISOGEN (Nippon Gene Co. Ltd.,
Tokyo, Japan), PCR primers (f-action, IFN-y, IL-4, IL-5,
productive Ce; Stratagene Co. Ltd., La Jolla, CA, U.S.A.),
1st-STRANDED TM cDNA Synthesis kit (Clontech Lab,
Inc., Palo Alto, CA, U.S.A.), and GeneAmp PCR Reagent
kit with AmpliTag DNA Polymerase (Perkin Elimer Japan
Co. Ltd., Urayasu, Japan) were purchased.

The monoclonal anti DNP IgE-producing cell line, EC1,
was established by fusing spleen cells from a DNP-Ascaris
extract-primed BALB/c mouse with P3X63-Ag8, 653 (8-
azaguanine-resistant, IgG-nonsecreting). ECI1 cells were
maintained in a medium containing equal volumes of
RPMI 1640 (Gibco, BRL, Grand Island, NY, U.S.A.) and
DMEM (high glucose, Gibco) supplemented with 10%
foetal bovine serum (Irvine Scientific, Santa Arta, CA,
U.S.A)) 100 units ml=" penicillin-G, and 100 g ml~"
streptomycin in a humidified atmosphere of 5% CO, at
37°C. After reaching a confluent state, cells were recovered
by gentle flushing, mixed with 3—5 times volume of fresh
medium, and seeded in new culture flasks. Under the
culture condition, cells usually reached confluence in 3
days. Finally, culture supernatant was separated by
centrifugation at 400 xg for 10 min. The cell-free fluid
was stored at —80°C and used as a source of IgE. The
maximum dilution of the preparation that gave a positive
passive cutaneous anaphylaxis in Wistar rats challenged
with DNP-bovine serum albumin was 1:1024.

Procedure for allergic dermatitis by repeated painting
with DNFB

Experiments were carried out by the method previously
described (Nagai et al., 1997a,b; 1999). Mouse ears were
painted with DNFB or vehicle (acetone:olive oil (3:1)) once
each week for 5 weeks. Twenty-five microliters of 0.15%
DNFB in vehicle was applied to each side of both ears.
Ear thickness was measured using an engineering micro-
meter (R1-A, Ozaki MFG Co. Ltd., Tokyo, Japan) and
expressed as the increase in thickness from time 0. Mouse
ears were removed 24 h after the fifth painting and fixed
with 10% neutral formalin. Ears were then cut into
parasagittal slices, dehydrated, and embedded in paraffin
by standard procedures. Paraffin sections were stained with
hematoxylin and eosin and assessed by light microscopy.
Individual inflammatory cell types were counted in high
power fields (HPF; x 200).

Determination of hapten-specific IgE titer and
immunoglobulin concentrations in mouse serum

Hapten-specific IgE (sIgE) and immunoglobulin concentra-
tions (total IgE: tIgE, total IgG: tIgG and total IgM: tIgM) in
mouse serum were measured using the enzyme-linked
immunosorbent assay (ELISA) described below. To measure
the concentration of each immunoglobulin, serum was
obtained from the mice 24 h after each application of DNFB.

We measured the hapten sIgE titer by captured ELISA
(Hirano et al., 1989; Hamid et al., 1994). Briefly,
immunoplates (EIA II Plus Microtitration plate, Flow
Laboratories, Inc., U.S.A.) were coated with monoclonal
anti-mouse IgE antibodies and incubated at 4°C overnight.
The plates were blocked with phosphate buffered saline
(PBS) containing 1% BSA, incubated at room temperature
for 1 h, and washed three times with PBS containing 0.2%
Tween 20 (T-PBS). Monoclonal anti-DNP IgE antibody
(monoclonal anti-DNP IgE, clone SPE-7, Sigma, MO,
U.S.A.) was sequentially diluted as a standard. Diluted
serum sample (100 ul) was added to each well and the plates
were incubated at room temperature for 1 h. After washing
with T-PBS, 100 ul diluted biotinylated DNP-BSA was
added to each well and incubated at room temperature for
1 h. After extensive washing with T-PBS, 100 ul diluted
peroxidase-conjugated streptavidin was added to each well.
The enzymatic reaction was stopped by adding 100 ul stop
solution after incubation at room temperature for 1 h. The
optical density of the reaction mixture was read using an
automatic ELISA plate reader (Titertek Multiscan MCC/
340, Flow Laboratories, Inc., U.S.A.) at 450 nm.

To measure total immunoglobulin concentrations (tIgE,
tlgG and tIgM), immunoplates were coated with diluted
monoclonal anti-IgE, goat anti-mouse IgG, or goat anti-
mouse IgM antibodies, respectively by incubating overnight
at 4°C. The plates were blocked as described above and
washed three times with T-PBS. Standard curves were
generated as described above by employing standard IgE,
standard mouse IgG (Miles Scientific, IL, U.S.A.) and
standard IgM (Miles). Serum sample (100 ul) was added to
each well and incubated at room temperature for 1 h.
ELISA was performed using peroxidase-conjugated anti-
mouse IgE, IgG and IgM. The ELISA data compared with
the standards added to each plate were analysed using the
DELTA Soft program for the Macintosh computer. The
sIgE, tIgE, and tIgM titers are expressed in ug ml~' based
on laboratory-generated standards and appropriate commer-
cial standards.

Analysis of cytokine messenger RNA (mRNA)
expression in mouse auricular lymph nodes and ears by
RT—-PCR

Changes in cervical lymph node- and ear-derived cytokine
mRNA levels were assessed by reverse transcriptase-
polymerase chain reaction (RT—PCR) using a thermal
cycler (Bio Metra Trio-Thermoblock, Bio Metra Co. Ltd.,
Germany). Using ISOGEN, total RNA was prepared from
the ears and lymph nodes of mice 4 h after five applications
of either vehicle or DNFB. The amount of total RNA in
each sample was measured spectophotometrically at 260 nm
and quality was checked by electrophoresis. RT—-PCR was
performed as follows: total RNA (500 ng) was reverse-
transcribed for 60 min at 42°C using the 1st-STRAND TM
cDNA Synthesis kit. Each cDNA sample was amplified in a
total volume of 100 ul containing 0.5 uM of each primer
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(RT-PCR primers set from the GeneAmp PCR Reagent
kit). The internal control was pf-actin. The mixture was
overlaid with mineral oil and put in the thermal cycler for
35 cycles. RT-PCR was performed on f-actin, IFN-y, IL-4
and IL-5. The PCR products were resolved by electrophor-
esis and stained with ethidium bromide. Samples were
obtained from two mice whose ears and cervical lymph
nodes were removed 4 h after the fifth application of
DNFB. RT-PCR was semi-quantified by densitometrically
scanning photo negatives taken with a Polaroid camera
(Polaroid 665 film, Polaroid Corp., Cambridge, MA,
U.S.A.). For semiquantification, the densitometry value of
each cytokine was normalized to that of the house keeping
gene, f-actin, which was not affected by the DNFB
concentrations applied in this study. In addition, a linear
correlation between RNA input and PCR product was
examined. Fair linearity was obtained between the density
value of PCR products and RNA input. All PCR
amplifications were performed at least twice with multiple
sets of experimental RNAs.
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Analysis of productive Ce gene expression by RT—PCR

The productive Ce mRNA is expressed prior to IgE antibody
production, and the ¢ heavy chain of IgE antibody is translated
from productive Ce mRNA (Stavnezer-Nandgren & Sirlin,
1986; Jabara et al., 1990; Thyphronitis et al., 1993). RT—-PCR
was performed as described above to assess the changes in
cervical lymph node-derived productive Ce¢ mRNA levels.
RNA (500 ng) was reverse-transcribed for 60 min at 42°C
using the 1st STRAND cDNA synthesis kit. The cDNA
samples were amplified in a total volume of 100 ul containing
5" and 3’ primers (primers sequences for productive Ce, 5
primer j4: TGGACTACTGGGGTCAAGG, 3’ primer Ce2:
AGCGATGAATGGAGTAGC, Thyphronitis et al., 1993)
with GeneAmp PCR reagents (GeneAmp PCR Reagent kit
with AmpliTaq DNA polymerase).

The mixture underwent a 5 min denaturation at 94°C,
5 min annealing at 60°C, and then 30 cycles of 1.5 min at 72°C,
1.5 min at 94°C, and 1.5 min at 60°C, with a final extension of
10 min at 72°C. RT-PCR was performed on f-actin and
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Figure 1 Ear swelling in BALB/c and C57BL/6 mice caused by repeated applications of dinitrofluorobenzene (DNFB). Mice
received a topical application of 0.15% DNFB in acetone and olive oil or vehicle on the ears once a week for 5 weeks. Each point
indicates the mean of five or six mice. (A) Time course for an increase in ear thickness. TSignificant difference from BALB/c mice at
P<0.01. h: Time after each painting. (B) Area under the curve (AUC) of an increase in ear thickness over 5 weeks. **Significant

difference from DNFB treated mice at P<0.01.

[0 WT-vehicle
Il WT-DNFB
KO-DNFB

AUC (mm x day)

BALB/c

C57BL/6

AUC (mm x day)

[0 vehicle
W ratigG-DNFB
anti-IL-4 2mg-DNFB

[B]

1.54

[—xt T —I

-
1

0.5

C57BL/6

BALB/c

Figure 2 Effect of IL-4 gene depletion (A) and anti-IL-4 (B) monoclonal antibody treatment on contact hypersensitivity (CH)
caused by repeated applications of DNFB. Each column consists of the mean +s.e.mean of six or seven animals. **(A) Significant
difference from DNFB treated wild type mice at P<0.01. (B) Significant difference from rat IgG and DNFB treated mice.
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Figure 3 Histopathological changes of mice ear lesion. Each sample was obtained 24 h after the fifth application and fixed with
10% neutral formalin. Sections were stained with hematoxylin and eosin (x 200). (A) vehicle-treated wild type BALB/c mice, (B)
DNFB-treated wild type BALB/c mice, (C) vehicle-treated IL-4 gene-depleted BALB/c mice, (D) DNFB-treated IL-4 gene-depleted
BALB/c mice, (E) Vehicle-treated wild type CS7BL/6 mice, (F) DNFB-treated wild type C57BL/6 mice, (G) Vehicle-treated 1L-4
gene-depleted C57BL/6 mice, (H) DNFB treated IL-4-depleted C57BL/6 mice.

productive Ce¢. The internal control was f-actin. Each PCR
product was resolved by electrophoresis and visualized with
ethidium bromide. Auricular lymph nodes were obtained 4 h
after the fifth applications with DNFB.

IgE-mediated biphasic cutaneous reaction

This method was described previously (Nagai et al., 1995;
1997). In brief, mice received two i.v. injections (5 min-
interval) of 0.5 ml monoclonal IgE preparation. Twenty-four
hours after sensitization, a skin reaction was elicited by
applying 25 ul of 0.15% DNFB acetone-olive oil solution to
both sides of both ears. The reaction was assessed by
measuring ear thickness using an engineering micrometer
(Ozaki) at different times after challenge. Data were exposed as
an increase in ear thickness after antigen challenge by
subtracting the value measured immediately before challenge.
Because we had previously confirmed that the vehicle for the
monoclonal IgE preparation did not affect the skin reaction in
this experimental protocol, we injected saline into control mice
instead of the IgE preparation.

Statistical analysis

Results are expressed as the mean+s.e.mean. To define
statistical significant differences between two groups were
analysed by Student’s z-test and three groups or more were
subjected one-way analysis of variance (ANOVA) followed by
Dunnett’s multiple range test. P values less than 0.05 were
considered significant.

Results
CH in IL-4 gene-deficient mice

Repeated topical applications of DNFB to the ears
provoked typical contact dermatitis. Figure 1A shows the
time course of the changes in ear thickness, which increased
in proportion to the number of applications of DNFB in
BALB/c and C57BL/6 mice. Ear thickness at time 0 was
22.5+0.19x 1072 mm in BALB/c and 23.340.15x 1072 mm
in C57BL/6 mice. The increase in ear thickness 24 h after
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Table 1 Quantitative analysis in immunoglobulin levels in IL-4 gene-depletion and anti-IL-4 monoclonal antibody treated BALB/c

and C57BL/6 mice

BALB/c CS7BL/J6
Wild IL-4-KO a-IL-4 Wild IL-4-KO a-IL-4
14 DNFB 14 DNFB 14 DNFB v DNFB v DNFB 14 DNFB
sIgE (ng ml™") 0 40 0 0 0 0 0 0 0 0 0 0
tIgE (ng ml™") 44 1816%* 34 57 43 79 77 640%* 0.8 0 77 7.6
tIgG (ng ml—Y) 2080 2374 2491 2268 2124 2082 1656 1411 1065 1062 1550 1553
tIgM (ug m1~") 189 171 267 213 211 266 169 164 160 159 155 141

Each value is the mean of four and six animals. Standard error or each value was within 13.2% of mean. **P <0.01, vehicle vs DNFB.
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Figure 4 Expression of productive Ce mRNA in cervical lymph nodes of BALB/c and C57BL/6 IL-4 gene-depleted and wild type
mice. Mice received a topical application of 0.15% of DNFB in acetone and olive oil (vehicle) on the ears once a week for 5 weeks.
Cervical lymph nodes were obtained 4 h after the fifth application. The expression of productive C¢e mRNA was examined using

RT-PCR. M: size marker, V: vehicle, D: DNFB.
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Figure 5 Expression of cytokine mRNAs in the ears and cervical lymph nodes of BALB/c and C57BL/6 IL-4 gene-depleted and
wild type mice treated with DNFB. Mice received a topical application of 0.15% DNFB in acetone and olive oil (vehicle) on the
ears once a week for 5 weeks. The ears and cervical lymph nodes were obtained 4 h after the fifth application. The expression of
cytokine mRNA was examined using RT—-PCR. M: size marker, V: vehicle, D: DNFB.

the fifth application was 19.54+0.21 x 107> mm in BALB/c
mice and 7.24+0.11 x 107> mm in C57BL/6 mice. As shown
in Figure 1B, when the increase in ear thickness was

calculated by the area under the curve (AUC) over 5 weeks,
BALB/c mice showed an almost 3 fold increase over C57BL/
6 mice. The increase in AUC of ear thickness was
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dramatically decreased in IL-4 gene-deficient BALB/c mice
when compared to the response in BALB/c wild type mice
(Figure 2A). In C57BL/6 mice, the increase in ear thickness
was not affected by depletion of IL-4 gene. Similar results
were obtained by treatment with anti-IL-4 monoclonal
antibody (Figure 2B). Treatment with anti-IL-4 monoclonal
antibody (2 mg) clearly suppressed the increase in ear
thickness in BALB/c mice, but not in C57BL/6 mice. Figure
3 shows the histopathological changes in the mice skin lesion
24 h after the fifth application of DNFB. Marked
infiltration of inflammatory cells such as monocytes,
eosinophils and neutrophils, and epidermal hypertrophy
were evident in DNFB-treated wild type BALB/c mice

Table 2 Semiquantitative analysis of the expression of
cytokine mRNAs in lymph nodes and skin lesions

% of BALB/c wild type mouse

BALB/c¢ C57BL/6
Wwild 1L-4 KO Wild 1L-4 KO

Lymph node

IFN-y 100 90 58 54

IL-2 100 98 73 62

IL-4 100 0 26 0

IL-5 100 27 0 0

IL-13 100 70 61 40
Skin

INFy 100 45 32 43

Each value is the mean of six samples obtained from three
animals. Each value was calculated to the ratio to the
intensity of BALB/c wild type mice.

(Figure 3B) compared to vehicle-treated mice (Figure 3A).
In IL-4 gene-deficient mice, only a slight infiltration of
inflammatory cells and epidermal hypertrophy were observed
after the treatment with DNFB (Figure 3D). Regarding
eosinophils, no infiltration was observed in IL-4 gene-
deficient BALB/c mice whereas evident infiltration was
observed in wild type after five repeated DNFB treatments.
In C57BL/6 mice, marked infiltration of cells, mainly
monocytes, and epidermal hypertrophy were observed after
the fifth application of DNFB. Moderate histopathological
changes were observed in IL-4 gene-deficient C57BL/6 mice
after the application of DNFB. No significant change was
observed by the treatment with vehicle in both BALB/c and
C57BL/6 wild type mice (Figure 3A,E). Moderate infiltration
of inflammatory cells and epidermal hypertrophy were
observed in IL-4 gene deficient BALB/c and C57BL/6 mice
(Figure 3D,H). Treatment with anti-IL-4 monoclonal
antibodies shows similar results (data not shown).

IgE production

As indicated in Table 1, the levels of hapten specific IgE
significantly increased in the serum of BALB/c mice after five
applications of DNFB. No hapten specific IgE was
recognized in the serum of C57BL/6 wild type mice after
the DNFB application. The elevation of total IgE level in IL-
4-deficient and anti-IL-4-treated mice were significantly low
compared to that of those in wild type mice. In C57BL/6
mice, the elevation of total IgE level by DNFB was almost
one third of that to BALB/c wild type mice. tIgG and tIgM
levels were not changed significantly by the sensitization with
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DNFB and depletion of IL-4 in either strains of mice. The
expression of productive Ce in lymph nodes by DNFB
sensitization was dramatically decreased by IL-4 gene-
depletion (Figure 4), and anti-IL-4 monoclonal antibody
treatment (data not shown).

The expression of cytokine mRNAs in lymph nodes and
skin lesions

To investigate the mechanism of differing susceptibility to IL-4-
depletion of BALB/c and C57BL/6 mice, the antigen-induced
expression of cytokine mRNAs in aulicular lymph nodes and
skin lesions were examined. The expression of IFN-y and IL-13
mRNAs in lymph nodes, and IFN-y mRNA in the ears were
indicated in Figure 5. Semiquantitative analysis of the
expression of mRNAs was indicated in Table 2. The expression
of each cytokine mRNA in C57BL/6 was significantly lower
than that in BALB/c mice (Table 2). The expression of TH1
cytokines (IFN-y and IL-2) mRNA was slightly changed
whereas Th2 cytokine mRNAs expression was significantly
decreased in DNFB-treated IL-4 gene-deficient mice compared
to those of wild type mice. The magnitude of the IFN-y mRNA
expression in ear lesions was dramatically decreased by IL-4
gene-depletion in BALB/c mice, but not in C57BL/6 mice.

IgE antibody-mediated biphasic cutaneous reaction

Mice were sensitized by intravenous injections of anti-DNP IgE
monoclonal antibody and challenged with an antigen epicuta-
neously. Results of a time-course study are shown in Figure 6.
Intravenous administration of IgE and the subsequent
epicutaneous antigen (DNFB) challenge induced a biphasic
cutaneous reaction in wild type and IL-4-deficient mice of
BALB/c and C57BL/6 strains. A significant increase in ear
thickness was observed at 1 and 24 h after antigen challenge in
sensitized BALB/c mice (Figure 6A). The magnitude of the
responses at 1 and 24 h after antigen challenge was identical in
wild type and IL-4-deficient mice. In C57BL/6 mice, responses at
1 and 4 h after antigen challenge were not observed, whereas a
clear increase in ear thickness appeared at 24 h (Figure 6B). The
magnitude of the response at 24 h was almost identical between
wild type and IL-4-deficient mice for both strains.

Discussion

In this study, we demonstrated that IL-4 plays an important
role in the development of DNFB-induced CH in BALB/c
mice but not in C57BL/6 mice. Simultaneously, the present
findings indicate that gene related responsibility to the IgE
production may correlate well to the susceptibility of DNFB-
induced CH in mice.

Strain related differences in susceptibility to some experi-
mental diseases in mice have been widely reported (Frankel
1998; Fujii et al., 1997; Lohoff et al., 1998; Mulle et al., 1998;
Petit-Frere et al., 1993; Postma et al., 1995; Schauwecker &
Steward, 1997; Sjolander et al., 1998). In the present study,
C57BL/6 mice showed low responsiveness to DNFB-induced
IgE production and CH. BALB/c mice are high responders in
IgE antibody production against nematode infection, whereas
C57BL/6 mice are low responders (Lohoff e al., 1998; Sj6lander
et al., 1998). Similar results were obtained in the present study.
BALB/c mice showed high IgE responses after five applications
of DNFB, but low total IgE and no antigen specific IgE
responses were observed in C57BL/6 mice. Shanker & Titus
(1995) reported that resisting the production of IgE antibodies

against nematode infection in C57BL/6 mice is dependent on
both T cell and non-T cell compartments. In the present study,
clear expression of productive Ce mRNA and elevation of total
IgE antibody in the serum were detected in C57BL/6 mice after
five applications of DNFB, although hapten specific IgE was not
detected in C57BL/6 mice sera. Therefore, the responsiveness of
T and B cells in IgE production might be normal but low in
C57BL/6 mice under the present experimental conditions. The
reason why C57BL/6 mice showed low responsibility of DNFB-
induced IgE production is still obscure. Since C57BL/6 mice
lacks the production of IL-9 is probably one of the reasons,
because IL-9 is an evident potentiating factor in IgE production
(Nicolaides et al., 1997). The experiment to study the role of IL-9
in DNFB-induced CH will be necessary. Since the difference in
CH response between wild type and I1L-4-deficient BALB/c and
C57BL/6 mice is well matched to the antigen specific IgE
response, different susceptibility to IL-4-depletion may be
closely related to the responsibility of antigen specific IgE
production in both strains. The C57BL/6 strain is reported to be
deficient in low molecular weight secretory phospholipase A,,
and mast cell protease as well as IL-9 (Murakami et al., 1997).
The mast cell dysfunction may be one of another reason in low
responsiveness to CH in C57BL/6 mice. Further experiments are
necessary to analyse the genetic components to clarify the low
responsiveness of C57BL/6 mice in IgE antibody production
and CH. Additionally, the genetic components that mediate the
high responsiveness of BALB/c mice to IgE responses will also
be investigated.

Regarding the role of IL-4 in CH, conflicting results have
been reported (Gautam et al., 1992; Salerno et al., 1995;
Weigmann et al., 1996). Whereas in studies by Gautam et al.
(1992), IL-4 inhibited the development of CH, and treatment of
mice with anti-IL-4 monoclonal antibody augmented the
response, the reverse was reported by Salerno et al. (1995). In
addition, Weigmann et al. (1996) have reported that IL-4 gene-
deficient mice lack the late phase reaction in CH caused by
DNFB. The present findings indicate that role of IL-4 in CH is
dependent on the genetic background of mice. Previous studies
to indicate the conflicting data may be due to the experiments
employing a different kind of background mice.

In addition, Berg et al. (1995) reported that IL-4 transgenic
mice with C57BL/6 background showed a reduced CH-
induced ear swelling response 48 and 72 h after antigen
challenge. In their experiments, oxazolone was used as the
contact antigen. In general, DNFB-induced CH is more severe
than that of oxazolone. The different contact antigen may be
another reason leading to conflicting findings.

Regarding the expression of cytokine mRNAs, I1L-4 gene-
depletion clearly suppressed the expression of Th2 cytokine
mRNAs in both C57BL/6 and BALB/c mice. Dramatic
suppression was observed in the expression of IFN-y mRNA
in the ears of BALB/c mice by depletion of IL-4 gene. This may
be related to the significant decrease in CH response in 1L-4
gene-deficient mice. Unfortunately, the reason for the low
expression of IFN-y mRNA in BALB/c IL-4 gene depleted mice
ear is not yet clear. Dieli et al. (1994) have reported that 1L-4 is
animportant mediator in CH reactions, and y/0 " cells are one of
the targets of IL-4 action. Further experiments to clarify the
relationship among /6" cells, IL-4 and IFN-y are necessary.

Regarding the participation of IgE-mediated late phase
cutaneous reaction in the oedema caused by repeated antigen
application, we compared the IgE antibody-mediated biphasic
cutaneous reactions in wild type and I1L-4 gene-depleted mice in
BALB/c and C57BL/6 mice. C57BL/6 mice showed a lack of
immediate cutaneous reaction. This may be due to the
dysfunction of mast cells in C57BL/6 mice, a lack of protease
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or others. However, the late phase response which appeared 24 h
after antigen application had the same magnitude in both
strains. This means the susceptibility of late phase allergic
cutaneous response does not differ between the two strains.
Immunologic responses including IgE production and IL-4
susceptibility may be the first cause of the difference in
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