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Inhibition of IgE Antibody Formation
by Plasmid DNA Immunization Is
Mediated by both CD4+ and CD8+

T Cells
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Abstract

Background: We previously showed that immunization of mice with plasmid
DNA (pDNA) encoding the Escherichia coli }-galactosidase gene (pCMV-
LacZ)induces a Thi response, whereas [3-galactosidase (f3-gal) in saline or alum
induces a Th2 response. Furthermore, the Thl response dominates over the Th2
response and downregulates preexisiting [gE antibody formation. Here, we de-
termined by passive transfer of CD4+ or CD8+ lymphocytes and by immunizing
{3.-microglobulin knockout (,-M KO) mice whether C D4+ and /or CD8+ cells
from pDNA-immunized mice suppress IgE antibody production. Methods:
BALB/c mice were injected with either CD44 or C D8+ lymphocytes from naive
f3-gal-in-alum or pCMV-LacZ-immunized mice, then immunized with f-gal in
alum, and the IgE antibody formation was determined. Second, C5S7BL/6 wild-
type (WT) or 3,-M KO mice were immunized with -gal or pCMV-LacZ, and the
IgE antibody production was assessed. Results: Passive transfer of both CD4+
and CD8+ lymphocytes from pDNA-immunized mice suppressed the IgE anti-
body response by 90% compared to transfer of CD4+ T cells from naive or f3-gal-
in-alum immunized mice. 3,-M KO mice produced 3 times more IgE than the
WT control mice both in the primary and secondary response. Conclusion:
Both CD4+ and CD8+ subsets of T cells from pDNA-immunized mice can sup-
press IgE antibody production by affecting the primary response and/or by prop-
agating the Thi memory response in a passive cell transfer system. Immunization
with pDNA-encoding allergens may be an effective new form of immunotherapy
for atopic diseases.
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[1]. This was shown by restricted 1g(2a antibody produc-
tion in pCMV-LacZ-immunized mice and antigen-induced

We have recently demonstrated that intradermal immu-  interferon-y (INF-y) secretion by CD4+ splenic T cells in
nization of BALB/c mice with plasmid DNA (pDNA) en-  vitro. In contrast, mice injected with -gal in saline or alum
coding the Escherichia coli fi-galactosidase gene (p)CMV- formed IgGl and IgE antibodies, and their T helper cells
LacZ) induces a Thi immune response to [3-galactosidase  secreted interleukin-4 (IL-4) and 1L-5. More recently. we
([3-gal), whereas the protein -gal induces a Th2 response  showed that short palindromic immuno-stimulatory se-
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Fig.1. The effect of passive transfer of 3 € o Naival . s
gal-specific CD4+ (a) and CD8+ (b) spleen g 1 0 pDNA 1 /
lymphocytes from naive, (3-gal-in-alum or %2 24 T
. . . : . 2 4
pCMV-LacZ-immunized mice on the IgE an- [
tibody response. The cells were injected into 5 | i ,
naive BALB/c mice which were immunized 0 T P T : 0 7 T i -
1 day after the cell transfer with 3-gal in alum, 0 2 4 6 8 0 2 4 6 8
a Weeks b Weeks

and the IgE titers were measured for the sub-
sequent 8 weeks.

quences in the ampicillin resistance gene of the pDNA con-
struct were responsible for the Thl immune response to p-
gal [2]. Preliminary data suggest that transfection with im-
munostimulatory  scquences induces antigen-presenting
cells to secrete INF-a, INF-f3 and IL-12, cytokines that in-
duce Thl cell differentiation [3, 4]. However, the precise
mechanism of the pDNA-induced Thl immune response is
yet to be identified. The protein product is detected in vari-
ous skin cells including antigen-presenting cells [5] and is
most likely processed and presented to T cells on both ma-
Jjor histocompatibility (MHC) class I and class Il molecules.
The MHC class [antigen presentation, together with the im-
munostimulatory-sequence-induced INF-u secretion by the
antigen-presenting cells, could have resulted in differentia-
tion of INF-y-secreting CD8+ T cells (Tel) that may be re-
sponsible for inducing the Thi response. To determine the
role of CD4+ and CD8+ T cells in the pDNA-induced Thl
response, we investigated the effects of passive transfer ot
CD4+ and CD8+ Teells from pCMV-LacZ-immunized
mice on the immune responsc to -gal in alum. In addition,
we studied the primary and secondary IgE antibody re-
sponse to f-gal and pCMV-LacZ in f,-microglobulin
knockout (f3,-M KO) mice which have a protound deficien-
cy in CD8+ T cells [6].

Methods

) BALB/C mice were immunized intraperitoneally with either 3 ng
f-gal in 3 mg alum or intradermally with 100 g pCMV-LacZ [1). Af-
ter 8 wegl\s, the spieen cells were separated into CD4+ or CD8+ cells
by negative selection (lysis of one of the Teell subsets with monoclonal
gntibodics and complement). Fiftyx10° naive or immune cells were
chctcd intravenously into 200-rad-irradiated mice. One day later, the
mice were injected intraperitoncally with 2 pg [-gal in alum, and the
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Table 1. igE response to (-gal or pPNA-LacZ in C57BL/6 and
C57BL/6 f5,-M KO mice

IgE anti-f3-gal*

C57BL/6  CSTBL/G [3-M
wT KO
Primary 1gE
Immunization with p-gal 5,570 15373
Immunization with pDNA 0 0
Secondary IgE 7 T
Primary immunization [3-gal .
Secondary immunization 3-gal } LI06 8,545
Primary immunization pDNA
Secondary immunization f3-gal } 673 3443

*RAST (counts per minute) was carried out on pooled sera from 4
mice, 1:12.5,

IgE antibody titers were determined by radioimmunoassay {1].
C57BL/6 wild-type (WT) or [3,-M KO (Jackson Labs., Bar Harbor,
Me., USA) mice were immunized with cither pCMV-LacZ or [3-gal in
alum and the IgE antibody titers determined.

Results

Fassive Cell Transfer

The effect of passive transfer of CD4+ or CD&+ T cells
from naive or immunized BALB/c mice is shown in fig-
ure 1. Mice injected with CD4+ cells from naive or p-gal-
in-alum-immunized mice showed similarly high titers of
IgE antibodies 4 weeks after immunization, which declined
slowly thereafter. In contrast, mice injected with CD4+ cells
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from pDNA-immunized mice showed about 90% lower IgE
titers. All three groups of mice injected with CD8+ cells had
lower [gE titers than the naive CD4+ control-cell-injected
mice. Mice injected with CD8+ cells from naive and -gal-
in-alum-primed mice had about 50% lower IgE titers,
whereas the mice injected with cells from the pDNA-
primed mice had a 90% lower IgE titer than the CD4+ naive
cell controls.

[3:-KO Mice

The primary and secondary 1gE responses of C57BL/6
WT and f5,-M KO mice 6 weeks after immunization are
shown in table 1. In the primary response, [}-gal in alun in-
duced a 3 fold higher IgE titer in the {5,-MKO mice than in
the WT mice. Immunization with pCMV-LacZ did not in-
duce IgE in either type of mouse. After secondary immuni-
zation with p-gal in alum, p-gal-primed WT mice had an
8-told lower IgE titer than the [32-M KO mice. The IgE titer
was lower than that of the primary response, which is typical
tur [gE-low-responder mice such as C57BL/6 mice. Prim-
ing of both the WT and {3,-M KO mice with pCMV-LacZ
resulted in a 2-fold lower TgE titer than in the f3-gal in alum-
primed mice.

Discussion

As shown by passive cell transfer, both CD4+ and CD8+
T cells from pCMV-LacZ-immunized mice suppressed the
1gE antibody response to [3-gal by 90% compared to mice
receiving CD4+ cells from naive mice. This suggests that
immunization with pCMV-LacZ induced both Thl and Tel
cells and that both types of cells suppressed the 1gE anti-
body production either by divecting the primary T cell re-
sponse toward Thl cell differentiation in the recipient mice
and/or by propagating the Thi memory response. A similar
conclusion can be made from the IgE response in CD&+-
deficient 2-M KO mice. 3-Gal in alum induced a 3- fold
higer [gE titer in the [3:-M KO mice than in the WT mice.
suggesting a suppressive role of CD8+ cells in WT mice.
The suppressive effect was greater in WT than ;-M KO
mice, presumably because both CD4+ and CD8+ cells had a
downregulatory cffect in the WT mice. Recently, Hsu et al.
[7] reported that transfer of CD8+ but not CD4+ cells, ob-
tained from rats immunized with pDNA-encoding the Der p
5 allergen suppressed the 1gE response. The reason for the
lack of a suppressive effect of CD4+ cells in the experi-
ments of Hsu et al., but not in ours, may be the result of a
species difference or the experimental design, because the
suppressive effect was not compared to that of the transfer
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of naive cells. Our data, obtained by passive transfer experi-
ments and by immunization of CD8+deficient mice, indi-
cate that both CD4 + and CD8+ are able to suppress IgE anti-
body formation.

The induction of a Thl response by pDNA immunization
is not restricted to the p-gal antigen. In previous experi-
ments, we showed that pDNA encoding ovalbumin also
does not induce 1gE antibodies [1]. Furthermore, in rats.
Hsu et al. [7] showed that pDNA encoding the house dust
mite allergen Der p 5 prevents induction of IgE synthesis,
histamine release and airway hyperresponsiveness after al-
lergen challenge. These data suggest that pDNA immuniza-
tion in general may induce Thl immune responses to the
encoded antigens or allergens.

The use of immunotherapy — the injection of small but
increasing amounts of allergen over a long period of time
has decreased over the past years as a major form of allergy
therapy. The reason for this is a low benefit-to-risk ratio, the
risk being anaphylactic reactions to the allergen injections.
In addition, optimal pharmacological management of aller-
gic disorders is equally beneficial with less risk. However,
immunotherapy could regain a major role in the manage-
ment of allergic diseases if a safe form of allergen adminis-
tration could be found. A successful immunotherapy would
climinate the need for daily medication. Intradermal timmu-
nization with pDNA-encoding allergens fulfill such crite-
ria. The allergen is produced intracellularly, and very little
allergen is secreted, which should not induce anaphylactic
reactions [5]. Second, at least in mice, pDNA persists in the
dermis for a long time and continously induces antigenic
stimulation {5]. It remains to be shown whether pDNA will
also induce a strong Thl and Tel response to allergens in
humans, and whether allergen gene vaccination will be a
feasible new immunotherapy for allergic diseascs.
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