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Interferon-y- and interleukin-4-targeted gene therapy for atopic allergic disease
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SUMMARY

Two cytokines, interferon-y (IFN-y) and interleukin-4 (IL-4), which play critical roles in the
regulation of serum IgE level by directing the interplay of T helper (Th)1 and Th2 cells, were
chosen as targets for gene therapy. Anti-allergic activity was evaluated by determining the serum
IgE level, and the functional status of each helper T cell was monitored by the serum concentrations
of IgGl and IgG2a. Experimental animals (BALB/c mice) were divided into four groups: the
control group; the ovalbumin (OVA) group; the IFN-y group; and the IL-4 group. The control
group was injected with saline and the OVA group with OVA-alum. The IFN-y and IL-4 groups
were treated with OVA—alum plus the cDNAs of mouse IFN-y and IL-4 in an expression vector.
These treatments were applied intramuscularly on a monthly basis for 4 months. OVA-alum
treatment significantly increased the serum IgE and IgG1 concentrations, but did not affect IgG2a.
Concomitant treatments with the cDNA of IFN-y or IL-4 returned the serum IgE almost to the
control level and significantly suppressed the OVA-induced increase of IgGl. IFN-y cDNA
increased the serum IgG2a but IL-4 ¢cDNA had no affect. These results suggest that IFN-y
inhibited the OVA-induced IgE production by suppressing the Th2 pathway and by enhancing
the Thl pathway. Administration of IL-4 cDNA suppressed the OVA-induced enhancement of

IgE production by inhibiting the Th2 pathway rather than by potentiating it.

INTRODUCTION

Individuals prone to immediate hypersensitivity reactions are
called atopic and often have higher levels of IgE in blood and
more IgE receptors per mast cell. The overproduction of IgE
by the immune response is generally believed to be responsible
for the pathogenesis of atopic symptoms, such as asthma,
eczema, hay fever and urticaria.'™

Most of the immune response occurring through CD4~
T helper (Th) lymphocytes can be subdivided into Thl and
Th2 responses. The Thl response predominantly results in
cytotoxic T cells and stimulates IgG2a production. In contrast,
a Th2 response produces IgE and eosinophilic infiltration, and
stimulates the production of IgG1.>"® These subtypes also
produce unique sets of cytokines, that is, Thl cells generate
interferon-y (IFN-y) and interleukin (IL)-2, and Th2 cells
produce IL-4, IL-5 and IL-13. A number of factors, including
cytokines, might contribute to the T-cell differentiation. A
cytokine environment dominated by IL-4 and IL-13 stimulates
Th2-cell development, but that dominated by IFN-y and IL-12
stimulates Thl-cell development.

In accordance with the mechanisms discussed above, we
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examined the effects of IFN-y and IL-4 cDNAs on a murine
model of atopic allergy using ovalbumin (OVA) as the antigen.
The cDNAs of IFN-y and IL-4 were administered for 4
months on a monthly basis and the levels of total serum IgE,
IgG1 and IgG2a were measured to understand how they affect
the allergic responses and to investigate the possibility of gene
therapy for treatment of allergic diseases.

MATERIALS AND METHODS

Animals

Male BALB/c mice were obtained from the Korean Institute
of Chemical Technology Animal Centre ( Taejeon, Korea) and
maintained on 12-hr light/dark cycles. They had free access to
food and water. The mice were 6 weeks old at the start of the
experiment and were divided into four groups (n=28).

Mouse IFN-y and IL-4 constructs

The complete open reading frame of mouse IFN-y or 1L-4
cDNA was subcloned into a eukaryotic expression vector,
pZIPneoSV.” This vector possesses two long-term repeats and
is suitable for chromosomal insertion.

Reagents

The antigen was prepared by conjugating OVA with aluminum
hydroxide gel, which was produced from 10% potassium alum.
All the antibodies (antimouse IgE, purified mouse IgE, biotiny-
lated antimouse IgE, antimouse IgGl, purified mouse 1gGl,
biotinylated antimouse IgG1, antimouse Ig2a, purified mouse
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IgG2a and biotinylated antimouse IgG2a) were purchased
from Pharmingen (San Diego, CA). Avidin-peroxidase and
the 3,3.5,5-tetramethylbenzidine (TMB) liquid substrate
system were purchased from Sigma (St. Louis, MO).

Immunization and injection

On day 0, the mice belonging to the IFN-y and IL-4 groups
were given 40 pg IFN-y or IL-4 ¢cDNA by intramuscular
injection.® Subsequent administrations were similarly conduc-
ted every 4 weeks, for 3 months, with 40 ug DNA plus
10 pg/ml OVA—alum (OVA absorbed onto 100 pg/ml AI(OH);
adjuvant). The control group received saline. Four weeks later
(at the second injection for the IFN-y and IL-4 groups), the
OVA group received 10 pg/ml OVA-alum. On day 14 after
the third and fourth injection, all mice were bled for collection
of sera. The samples were placed for 3 hr at room temperature
following which the supernatants were removed and stored at
—20° until used.

Measurement of IgE, IgG1 and IgG2a concentrations

Sandwich enzyme-linked immunosorbent assay (ELISA) was
performed, in 96-well disposable microtitre plates, to determine
the levels of IgE, IgG1 and IgG2a. Phosphate-buffered saline
(PBS), pH 7-0, containing 0-5% Tween-20 was used for
dilution of samples and for washing. For blocking non-specific
binding sites, the same buffer containing 1% bovine serum
albumin (BSA) (blocking buffer) was used. Antimouse IgE
was used to coat the plates. After the samples and the purified
mouse IgE were applied, the plates were washed, and biotin
antimouse IgE was added. Avidin-peroxidase diluted to 1 in
10000 was applied for 30 min. The plates were washed and
TMB as a substrate was used to develop the reaction for
20 min. This reaction was stopped with 1 M H;PO, and the
plates were read at 405 nm using an ELISA reader. The same
procedure was performed for evaluation of IgG1 and IgG2a.
The concentrations of each were determined using the cali-
bration standard curve.!%!!

RESULTS
Effect of IFN-y and IL-4 cDNA on OVA-induced serum IgE

The expression of mouse IFN-y or IL-4 cDNA subcloned into
a eukaryotic expression vector, pZIPneoSV, was confirmed at
the protein level (from LM fibroblasts transfected with those
constructs) and at the mRNA level (from cell-vaccinated
mice).” After the third injection, the serum IgE level of each
group was measured. As previously reported,!*!3 the serum
IgE in the OVA group was significantly elevated compared
with the control group (Fig. 1a). The concentration of serum
IgE from OVA group was compared with that of standard
IgE, which had been routinely used for passive cutaneous
anaphylaxis (PCA) in the author’s laboratory, and the PCA
titre of OVA-specific IgE was calculated to be ~2°. Because
the cytokines produced by Th2 cells are known to play an
important role in the enhancement of the allergic response,'*13
we examined the effect, on IgE production, of injection of
IFN-y and IL-4 cDNAs. The serum IgE level was significantly
decreased by IFN-y cDNA injection, and unexpectedly also
by IL-4 cDNA injection. The same pattern was observed after
the fourth injection (Fig. 1b).
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Figure 1. Effect of interferon-y (IFN-y) and interleukin-4 (IL-4)
cDNAs on serum IgE levels of ovalbumin (OVA)-treated mice. Mice
from the IFN-y and IL-4 groups were injected intramuscularly with
40 pg IFN-y or IL-4 DNA 4 weeks earlier than the OVA group.
Subsequent administrations were every 4 weeks for 3 months with
40 pg DNA plus 10 pg/ml OVA-alum (OVA absorbed onto 100 pg/ml
Al(OH); adjuvant). The control group (CON) received saline and
the OVA group received 10 pg/ml OVA-alum. On day 14 after the
third and fourth injections, all mice were bled to collect sera. (a)
Blood samples were collected on the 14th day after the third injection.
(b) Blood samples were collected on the 14th day after the fourth
injection. ¥*P<0-05 compared with the control group; **P<0-01
compared with the control group. TP <0-01 compared with the
OVA group.

Effect of OVA and cytokines on serum IgG1 and IgG2a levels

The serum levels of IgGl and IgG2a in each group were
measured from the sera obtained after the fourth injection to
determine the functional status of both Thl and Th2 cells
following treatment with IFN-y or IL-4 cDNA.

As reported previously, IgG1, along with isotype switching
of immunoglobulins, is capable of sensitizing the anaphylactic
reaction by stimulating the Th2-cell immune response.!® The
IgG1 level of the OVA group was elevated by almost fourfold
when compared with the control group (Fig. 2). Concomitant
treatment of the animals with OVA—alum and IFN-y cDNA
or IL-4 cDNA significantly decreased the levels of IgGl
compared with the OVA group (P<0-01 for IFN-y and
P<0-05 for IL-4).

The 1gG2a levels of the four groups were also measured
to determine the effect of OVA antigen, IFN-y cDNA, and
IL-4 ¢cDNA on the Thl-cell immune response. The IgG2a
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Figure 2. Effect of interferon-y (IFN-y) and interleukin-4 (IL-4)
cDNAs on the serum IgGl level from ovalbumin (OVA)-treated mice.
Animal treatments were performed as described in the legend to
Figure 1. Blood samples were collected on the 14th day after the
fourth injection. **P <0-01 compared with the control (CON) group;
TP <005 compared with the OVA group; $P<0-01 compared with
the OVA group.

levels of OVA and IL-4-treated groups were not significantly
different from those of the control group (Fig. 3). Only the
IFN-y group, which was injected intramuscularly with
OVA-alum plus IFN-y cDNA, showed an elevated IgG2a
level when compared with the control group. This result is in
agreement with previous reports.!5-1°

DISCUSSION

As previously reported, the OVA—alum treatment caused an
elevation in serum IgE level and this was accompanied with
an increase in serum IgG1 level. Meanwhile, the serum IgG2a
level was not affected by OVA-alum treatment but was
increased by concomitant treatment with IFN-y cDNA. These
results suggest that OVA—alum treatment mainly activated the
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Figure 3. Effect of OVA-alum (ovalbumin absorbed onto 100 pg/ml
Al(OH); adjuvant) and concomitant administration of interferon-y
(IFN-vy) and interleukin-4 (IL-4) cDNAs on serum IgG2a level. The
animal treatments were performed as described in the legend to
Figure 1. Blood samples were collected on the 14th day after the
fourth injection.**P <0-01 compared with the control (CON) group;
TP <0-01 compared with the OVA group.

Th2 pathway (as IgG1, but not IgG2a, was elevated) leading
to an increase in the level of serum IgE. Concomitant adminis-
tration of IFN-y cDNA activated the Thl pathway but
suppressed the Th2 pathway (serum IgG2a was increased,
serum IgGl was decreased) and the increase in serum IgE
reverted almost to the control level in the IFN-y cDNA group.
Therefore, not only antagonizing Th2-cell immune responses
but also stimulating Thl-cell immune responses in OVA-
induced mice probably causes an inhibitory effect of IFN-y
cDNA on the serum IgE level.

Concomitant administration of IL-4 cDNA strongly
inhibited the OVA-induced increase of serum IgE. It did not
affect the level of serum IgG2a but decreased the serum IgG1
level. The effects of IL-4 cDNA treatment on the OVA-induced
elevation of serum IgE were rather unexpected. It was our
initial thought that the level of serum IgE would be further
increased by IL-4 cDNA treatment because IL-4 is a critical
regulator responsible for the isotype switching of IgG to IgE.
Our results suggest that IL-4 did not affect the Thl pathway
(the IgG2a level was not changed) but rather it suppressed
Th2 pathway (the IgGl1 level was decreased). However, the
effects of IFN-y and IL-4 DNA on the distribution of the
Th-cell population seem to be complicated and depend on
many factors, including the exposure period and the amount
of antigen.”?° In these experimental conditions where the
cDNA of IL-4 was administrated to the atopic allergic animal
but not to the normal animal, IL-4 might have induced the
down-regulation of the Th2-cell immune response. Even
though we do not have any clear explanation for these 1L-4
results at present, our results strongly suggest that both IFN-y
and IL-4 could be potential targets for the gene therapy of
atopic allergic diseases.
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