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Summary

Synthetic oligodeoxynucleotides (ODN) expressing ‘suppressive’ TTAGGG
motifs down-regulate a variety of proinflammatory and T helper type 1
(Th1)-mediated pathological immune responses. The ability of the archetypal
suppressive ODN A151 to inhibit ocular inflammation was examined in two
murine models: experimental autoimmune uveitis, induced by immunization
with a retinal antigen, interphotoreceptor retinoid-binding protein (IRBP)
and adoptively transferred ocular inflammation, induced by transferring Th1
cells specific to hen egg lysozyme (HEL) into recipient mice that express HEL
in their eyes. A151 treatment suppressed the inflammation in both models. In
addition, A151 inhibited IRBP-specific cytokine production and lymphocyte
proliferation in mice immunized with IRBP. These findings suggest that
suppressive ODN affects both afferent and efferent limbs of the immuno-
pathogenic process and may be of use in the treatment of autoimmune ocular
inflammation.
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Introduction

DNA has multiple and complex effects on the immune
system. Unmethylated cytosine-guanine dinucleotide (CpG)
motifs in bacterial DNA trigger an immune response
characterized by the production of proinflammatory and
T helper type 1 (Th1) cytokines [1–4]. In contrast, the
telomeric regions of mammalian DNA contain ‘suppressive’
TTAGGG elements that inhibit immune activation [5–7].
Synthetic oligodeoxynucleotides (ODN) containing repeti-
tive TTAGGG motifs, patterned after those present in mam-
malian telomeres, mimic this effect [8]. Studies examining
suppressive TTAGGG ODNs established that these mol-
ecules could down-regulate the production of proinflamma-
tory and Th1 cytokines [9] and inhibit immunopathogenic
processes such as collagen-induced arthritis [10],
lipopolysaccharide (LPS)-induced toxic shock [11] and
lupus nephritis [12]. More recently, Ho et al. [13] reported
that GpG ODNs enhance the efficiency of antigen-specific
tolerizing DNA vaccine.

Intra-ocular inflammatory diseases, grouped under the
term ‘uveitis’, are a major cause of vision loss in developed
countries [14–16]. Included in this group are non-infectious
conditions such as Behçet’s disease, sarcoidosis, sympathetic

ophthalmia and Vogt–Koyanagi–Harada syndrome. Avail-
able treatments for uveitic conditions are still inadequate,
emphasizing the need for new and effective treatments
[17,18].

The pathogenic mechanism underlying the development
of uveitis, and approaches to modulate this disease, are
investigated typically using animal models of experimental
autoimmune uveitis (EAU) [19,20]. EAU is induced by
immunization with eye-specific molecules such as S-antigen
(‘arrestin’) [21,22] or interphotoreceptor retinoid-binding
protein (IRBP) [23–25]. In another model, ocular inflamma-
tion is induced by adoptively transferring Th1 cells sensitized
against hen egg lysozyme (HEL) into transgenic (Tg) mice
that express HEL in their eyes [26,27]. Because the trans-
ferred cells are preactivated, the pathogenic mechanism in
the latter model consists only of the efferent limb of the
immune response.

In the present study we examined the capacity of the well-
characterized suppressive ODN A151, which contains four
tandem TTAGGG motifs, to inhibit the induction of ocular
inflammation. A151 treatment was effective at reducing
inflammation in both models, i.e. actively induced EAU by
immunization with IRBP and adoptive transfer of ocular
inflammation by activated Th1 cells.

Clinical and Experimental Immunology ORIGINAL ARTICLE doi:10.1111/j.1365-2249.2009.03918.x

528 © 2009 British Society for Immunology, Clinical and Experimental Immunology, 156: 528–534

mailto:geryi@nei.nih.gov


Materials and methods

Mice

For the EAU model, female B10.A mice, 6–8 weeks old, were
obtained from The Jackson Laboratory (Bar Harbor, ME,
USA). HEL-Tg mice, expressing membrane-bound HEL in
the lens under the aA-crystallin promotor on the FVB/N
background, were generated as detailed elsewhere [28]. HEL-
specific T cell receptor (TCR) Tg mice, designated ‘3A9’, on
the B10.BR background [29] were a gift from M. Davis
(Stanford University, Stanford, CA, USA). Tg mice from each
of the two lines were mated to produce (FVB/N ¥ B10.BR) F1

hybrids, expressing either HEL in their eyes or the 3A9 TCR
on their T cells. In this study, the mice expressing HEL in
their eyes are designated ‘HEL-Tg’, whereas those expressing
3A9 TCR are named ‘3A9’. Only F1 hybrid mice of the two
lines were used in the present study. In all adoptive transfer
experiments the cells used were from 3A9 donors, whereas
the recipients were HEL-Tg mice. The mice were housed in a
pathogen-free facility, and all manipulations were performed
in compliance with the National Institutes of Health Reso-
lution on the Use of Animals in Research. All experimental
procedures used in this study were approved by the National
Eye Institute Animal Care and Use Committee, under NEI
Animal Study Protocols 02-473 and 05-542.

Reagents

Whole IRBP protein was prepared from bovine retinas by
concanavalin (ConA)-Sepharose affinity chromatography
and fast protein liquid chromatography, as described in
detail by Pepperberg et al. [30]. Phytohaemagglutinin (PHA)
was purchased from Murex Diagnostics (Dartford, UK), per-
tussis toxin was provided by Sigma-Aldrich (St Louis, MO,
USA) and purified protein derivative (PPD) was from Parke-
Davis (Morris Plains, NJ, USA). Endotoxin-free suppressive
ODNs and control ODNs were synthesized at the Center for
Biologics Evaluation and Research (Food and Drug Admin-
istration core facility, Bethesda, MD, USA). The sequences of
ODNs used in this study were 5′-TTAGGGTTAGGGTTA
GGGTTAGGG-3′ (suppressive ODN: A151) and 5′-TCA
AGCTTGA-3′ (control ODN: 1471).

Induction of EAU

The EAU was induced in mice by immunization with IRBP
as described by Caspi et al. [31], with minor modifications.
Briefly, B10.A mice were immunized with 40 mg IRBP emul-
sified in complete Freund’s adjuvant (CFA) containing
2·5 mg/ml Mycobacterium tuberculosis H37RA. The emul-
sion was injected subcutaneously into the base of the tail and
both thighs in a total volume of 0·2 ml. In addition, the mice
were injected intraperitoneally (i.p.) with 0·25 mg pertussis
toxin. Immunized mice were euthanized on day 14 post-

immunization. Eyes were prepared for histological examina-
tion, while draining lymph nodes were collected for
assessment of the cellular immune response.

Adoptive transfer of ocular inflammation

Adoptively transferred ocular inflammation was carried out
as described in detail elsewhere [26,27]. Briefly, purified
CD4 cells from the spleen and lymph nodes of 3A9 mice
were stimulated in culture for 3 days with HEL in the pres-
ence of a Th1 polarizing cocktail, i.e. interleukin (IL)-12
and antibody against IL-4. Later, the cells were incubated
with IL-2 for 4 days and then activated again with HEL and
the Th1 polarizing cocktail. Reactivated Th1 cells were
injected into HEL-Tg mice via the tail vein at the numbers
indicated. Recipient mice were euthanized 7 days post-cell
injection and their eyes were prepared for histological
examination.

Treatment with the ODNs

Suppressive or control ODN, or phosphate-buffered saline
(PBS), were administered i.p. at 300 mg in 0·2 ml per mouse
on days 0, 3, 7 and 10, or on days 7, 10 and 12, as indicated,
in mice developing EAU, or on days 0 and 3 in recipients of
Th1 cells.

Assessment of disease

Enucleated eyes were fixed in 4% glutaraldehyde for 30 min
and stored in 4% phosphate-buffered formaldehyde until
processing. Eye tissues were embedded in methacrylate, and
stained with haematoxylin and eosin. Stained sections were
examined in a masked fashion by one of us, using score
systems of severity of 0–4 for EAU or 0–9 for adoptive trans-
fer, as detailed by Chan et al. [32] and Kim et al. [27]
respectively.

Lymphocyte proliferation assay

Draining lymphocytes of mice immunized with IRBP were
collected 14 days post-immunization, pooled within each
group and cultured in triplicate in flat-bottomed 96-well
plates. Cultures consisted of 4 ¥ 105 cells in RPMI-1640
medium, supplemented with HL-1 (BioWhittaker, Walkers-
ville, MD, USA), 2-mercaptoethanol (50 mM), methyl-a-D-
mannoside (20 mg/ml) (Aldrich-Sigma, St Louis, MO, USA)
and antibiotics, with or without stimulants, as indicated.
As positive control, lymphocytes were cultured with PHA
(at 1 mg/ml) to evaluate cellular viability and proliferative
capacity. Following incubation for 72 h, the cultures were
pulsed with [3H]-thymidine (0·5 mCi/10 ml/well) for an
additional 16 h. The incorporated radioactivity was mea-
sured by a MicroBeta TriLux scintillation counter (Perki-
nElmer Life Science, Boston, MA, USA). Data are presented
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as mean delta counts per minute (Dcpm; cpm in stimulated
cultures minus cpm in unstimulated cultures).

Cytokine production

Lymphocytes prepared as described above were cultured in
24-well plates at 5 ¥ 106 cells per well in 1 ml of the above
medium, with or without stimulants, as indicated. To
examine cellular viability and response, lymphocytes were
cultured with PHA in each group. Supernatants were col-
lected after incubation for 48 h, and the level of cytokines
was determined by Pierce Chemical Co. (Woburn, MA, USA)
using the Multiplex SearchLight™ Arrays technology. In
certain experiments, as indicated, the levels of IL-10,
IL-17 and IL-22 were measured by enzyme-linked immuno-
sorbent assay (ELISA) kits, purchased from R&D Systems
(Minneapolis, MN, USA).

Statistical analysis

Statistical analysis of histological scores was performed by
Mann–Whitney U-test, with each mouse (the average of
both eyes) being treated as one statistical event. For EAU
experiments, four or five mice were tested per group and
the data, presented as mean � standard error of the mean
(s.e.m.), are compiled from independent experiments, as
indicated. For adoptively transferred inflammation experi-
ments, groups of three mice were used in each experiment
and data are a composition of three separate experiments.
Lymphocyte proliferation data were analysed by unpaired
t-test.

Results

Suppressive ODN inhibits induction of EAU

To examine the capacity of suppressive ODN A151 to inhibit
the development of EAU induced by active immunization,
B10.A mice were immunized with IRBP on day 0 and treated
by injecting A151 i.p. on days 0, 3, 7 and 10. Control mice
were treated identically with control ODN (shown previ-
ously to have neither stimulatory nor suppressive activity) or
with PBS. As seen in Fig. 1a, treatment with suppressive
ODN inhibited EAU development significantly (P < 0·01).
The typical reduction in histological changes is shown in
Fig. 1b.

Treatment initiated on day 0 post-immunization inhibits
the two phases of the immunopathogenic process, namely
the ‘afferent’, or ‘prevention’ and ‘efferent’, or ‘treatment’
phases. To learn about the effect of A151 on the efferent
phase only, we treated additional groups of mice on days 7,
10 and 12 post-immunization. At 7 days following immu-
nization, T cells sensitized against IRBP are assumed to have
acquired the features that characterize ‘effector’ cells, fea-
tures that enable the cells to invade the eye tissues and ini-
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Fig. 1. Inhibitory effects of suppressive oligodeoxynucleotide (ODN)

on the development of experimental autoimmune uveitis (EAU).

Groups of mice were immunized with 40 mg interphotoreceptor

retinoid-binding protein (IRBP) and treated with phosphate-buffered

saline, ODN A151 or control ODN on days 0, 3, 7 and 10

post-immunization. The two ODNs were administered at

300 mg/mouse. Eyes were collected on day 14 and examined for

histological changes. (a) Data are the composition of five independent

experiments, with four or five mice per group, each mouse being

treated as one statistical event. Shown values are mean scores of

pathological changes � standard error of the mean (*P < 0·01;

Mann–Whitney U-test). (b) Sections of posterior segments of eyes

from representative mice treated with control (Cont) or suppressive

(Supp) ODNs. Typical changes of EAU in the eye of mouse treated

with control ODN include retinal folding, infiltration with

inflammatory cells in the vitreous and retina. The infiltration in the

retina is localized characteristically around blood vessels. On the other

hand, only minimal changes are seen in the eye from the mouse

treated with suppressive ODN. These changes include infiltration with

inflammatory cells at the optic nerve head and vitreous (haematoxylin

and eosin, original magnification ¥100).
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tiate the inflammatory process. The data are summarized in
Fig. 2 and show that histological changes in eyes of mice
treated with A151 from day 7 were significantly lower than
those in the control mice treated with the control ODN
(P < 0·01).

Suppressive ODN inhibits lymphocyte sensitization

Immune-mediated pathology in IRBP-induced EAU is ini-
tiated when lymphocytes, sensitized against that protein,
recognize and respond to it in the retina. To determine the
effect of A151 treatment on the induction of cellular
immunity to IRBP, the in vitro proliferative response of
lymphocytes from mice in each group treated from day 0
was examined. Lymphocytes from mice treated with PBS,
control and suppressive ODNs showed high levels of pro-
liferative response against PHA, and there was no signifi-
cant difference in the responses among these three groups
(Fig. 3a). In contrast, as seen in Fig. 3b, the proliferation
of cells from the draining lymph nodes of mice treated
with suppressive ODN was reduced significantly when
tested with IRBP at 3 mg/ml (*P < 0·05) and at 30 mg/ml
(**P < 0·01) when compared with those from control
animals.

Suppressive ODN inhibits production of
inflammation-related cytokines

Inflammatory processes such as EAU are mediated by cyto-
kines produced by lymphoid cells. To assess the effect of
suppressive ODN on this immunological parameter, the
cytokines produced by lymph node cells from mice in the
different groups, treated from day 0, were measured, follow-
ing incubation in vitro with IRBP for 2 days. Levels of cyto-

kines of IL-2, IL-4, IL5, IL-6, IL-10, IL-12p70, interferon
(IFN)-g and tumour necrosis factor (TNF)-a were measured
using the SearchLight technology. When cultures were acti-
vated non-specifically by PHA, there was no significant dif-
ference among the groups in the level of any of the cytokines
tested (data not shown). On the other hand, when stimulated
with the immunizing antigen, IRBP, the levels of IFN-g,
TNF-a and IL-6 were decreased significantly in cultures of
cells from mice treated with suppressive ODN, compared
with the two other control groups (*P < 0·05) (Fig. 4a).
Levels of IL-2, IL-4, IL-5 and IL-12p70 were lower in the
suppressive ODN-treated group, but did not reach signifi-
cant difference. The level of one cytokine, IL-10, was the
same among the three groups (Fig. 4a).

Recently, a new population of effector cells, designated
Th17, has been discovered and found to play a major role in
the pathogenesis of autoimmune diseases [33,34], including
EAU [35,36]. The signature cytokines of Th17 cells are
IL-17 and IL-22 [33,34]; we determined the effect of treat-
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Fig. 2. Suppressive oligodeoxynucleotide (ODN) inhibits the efferent

phase of experimental autoimmune uveitis development. Groups of

five mice were treated with A151 or control ODN on days 7, 10 and

12 post-immunization and their eyes were collected on day 14 for

histological analysis of EAU. The data are the composition of two

separate experiments. See legend for Fig. 1 for more technical detail.

Values shown are mean scores of pathological changes � standard

error of the mean (*P < 0·01; Mann–Whitney U-test).
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Fig. 3. Treatment with suppressive oligodeoxynucleotide (ODN)

inhibits interphotoreceptor retinoid-binding protein

(IRBP)-dependent lymphocyte proliferation. Draining lymph node

cells from mice treated as described in the legend for Fig. 1 were

collected on day 14, pooled, and their proliferative response to

phytohaemagglutinin (PHA) (a) or IRBP (b) was examined. Results

are presented as delta counts per minute (Dcpm; mean cpm in

stimulated cultures minus the background) of triplicate cultures.

Lymphocytes collected from mice treated with suppressive ODN

resembled controls in their response to PHA, but showed lower

proliferative response against IRBP at 3 mg/ml (*P < 0·05) and at

30 mg/ml (**P < 0·01; unpaired t-test) compared with that of controls.

Data are the representative of four independent experiments.
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ment with A151 on the production of these two cytokines
by comparing their level in lymphocyte cultures from mice
treated with A151 or the control ODN. The cell cultures
were stimulated with IRBP or PPD, a component of the
CFA, and the cytokine levels were measured by ELISA kits.
In addition to IL-17 and IL-22 we also determined the levels
of another cytokine, IL-10. Data of a representative experi-
ment are depicted in Fig. 4b; similar results were obtained
in another experiment. The production of both IL-17 and
IL-22 was remarkably lower in cultures of cells from A151
treated mice compared with the controls. In contrast, only
marginal differences were noted in the levels of IL-10 in

cultures from the two groups of mice (Fig. 4b), in line with
data collected on this cytokine using the SearchLight tech-
nology (Fig. 4a).

Suppressive ODN inhibits ocular inflammation
induced by adoptive transfer of activated Th1 cells

To examine further the effect of suppressive ODN on the
immune response, we tested its capacity to inhibit the effer-
ent limb of the immunopathogenic process. Ocular inflam-
mation was induced in Tg mice that express HEL in their
eyes by adoptively transferring Th1 cells sensitized against
HEL [26,27]. Groups of recipient mice were treated with
suppressive or control ODN or PBS on days 0 and 3 post-cell
transfer. As shown in Fig. 5, treating the recipient mice with
suppressive ODN reduced significantly the severity of ocular
inflammation, compared with the two groups of controls
(P < 0·01).

Discussion

Findings reported here show that treatment with suppressive
ODN A151 inhibits the development of ocular inflammation
in two murine models of ocular inflammation, i.e. induction
of EAU by immunization with IRBP and adoptively trans-
ferred disease in recipients of sensitized lymphocytes. In the
EAU system, the suppressive activity of ODN was tested
on the two phases of the immunopathogenic process, i.e.
the ‘afferent’ or ‘prevention’ phase, in which lymphocytes
become ‘sensitized’ against IRBP, and the ‘efferent’ or
‘treatment’ phase, during which the sensitized lymphocytes

*

TNF-α400

300

200

100

0

IL-1060

40

20

0

IL-4800

600

400

200

0

PBS

Cont ODN

Supp ODN

IL-12p7060

40

20

0

IL-560

40

20

0

8 000 20 000

15 000

10 000

5 000

0

150

IL-10 IL-17 IL-22
Cont ODN
Supp ODN

pg
/m

l 100

50

0

6 000

4 000

2 000

0

PPD

IR
BP 30

IR
BP 3

PPD

IR
BP 30

IR
BP 3

PPD

IR
BP 30

IR
BP 3

*

IFN-γ20 000

15 000

10 000

5 000

0

*

IL-63 000

2 000

1 000

0

IL-2800

600

400

200

0

pg
/m

l
(a)

(b)

Fig. 4. Treatment with suppressive oligodeoxynucleotide (ODN)

inhibits production of cytokines. Draining lymph node cells of

immunized mice as described in the legend for Fig. 1 were collected

on day 14, pooled, and cultured in the presence of immunizing

antigens. After 48 h, culture supernatants were harvested and

examined for the levels of cytokines. (a) Supernatants were collected

from cultures stimulated with interphotoreceptor retinoid-binding

protein (IRBP) at 30 mg/ml and cytokine levels were measured using

the SearchLight technology. The levels of interferon-g, tumour

necrosis factor-a and interleukin-6 were significantly lower in the

supernatants of mice treated with suppressive ODN than in those of

controls (P < 0·05). Data are the composition of five independent

experiments. (b) Supernatants were collected from cultures stimulated

with purified protein derivative at 5 mg/ml or IRBP at 30 or 3 mg/ml,

and cytokine levels were measured by enzyme-linked immunosorbent

assay kits. Data are from a representative experiment; the same

pattern of data was obtained in another experiment.
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inhibits the development of adoptively transferred ocular

inflammation. Groups of hen egg lysozyme-transgenic (HEL-Tg) mice

(three mice per group) were injected with 2 ¥ 105 HEL-specific T

helper type 1 cells that had been activated in vitro. Recipients were

treated with phosphate-buffered saline or suppressive or control ODN

(300 mg/mouse) on days 0 and 3. Eyes were collected on day 7, and

the severity of histological changes was scored on a scale of 0–9. See

Materials and methods for more details. Mean scores of pathological

changes � standard error of the mean are shown. Each mouse

(the average of both eyes) is treated as one statistical event. Data

are the composition of three independent experiments (*P < 0·01;

Mann–Whitney U-test).
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migrate to the eye where they trigger the complex process of
inflammation [37]. Treatment from day 0 of mice develop-
ing EAU examined the suppressive effect on both the afferent
and efferent phases, whereas treating from day 7 provided
information on the A151 effect on the efferent phase only.
Both treatment schedules were found to be effective (Figs 1
and 2) and suppression of the efferent phase by A151 was
demonstrated further in the model of adoptively transferred
inflammation, in which in vitro activated lymphocytes
[26,27] were exposed to suppressive ODN only in vivo
(Fig. 5).

The ability of A151 to suppress the afferent phase in mice
immunized with IRBP was indicated by the observation that
antigen-specific lymphocyte proliferation and cytokine pro-
duction were reduced significantly in mice treated with this
ODN (Figs 3 and 4 respectively). The inhibition of EAU in
mice treated from day 0 could be attributed, at least in part,
to the lowered level of lymphocyte sensitization in these
mice. It is of note that treatment with A151 inhibited in
particular the production of cytokines specific to the immu-
nopathogenic Th1 (IFN-g) and Th17 cells (IL-17 and IL-22),
whereas the production of cytokines specific to the non-
pathogenic Th2 cells (IL-4 and IL-5) was affected to a lesser
extent (Fig. 4).

Unlike its effect on the specific response of lymphocytes
against IRBP (Fig. 3b), treatment with A151 did not inhibit
the lymphocyte response to PHA (Fig. 3a). This difference is
attributed to the selective effect of suppressive ODN on the
process of lymphocyte sensitization against the immunizing
antigen, IRBP. As a result of this suppressive effect, the small
population of IRBP-specific lymphocytes in the A151-
treated mice is assumed to expand less than the IRBP-specific
population in the control mice and, consequently, the
response to the antigen is lower in the treated mice. On the
other hand, PHA stimulates the whole population of T cells,
most of which were not involved in the specific response to
IRBP, and therefore responsiveness to PHA remains intact in
the treated mice and similar to that in control mice.

Previous data indicate that one of the mechanisms by
which suppressive ODNs can inhibit immune reactivity is by
blocking the stimulatory effect of CpG motifs [8]. Mycobac-
terial CpG sequences represent pivotal components of CFA
[2], the adjuvant that is used for induction of EAU by immu-
nization [31], and it is possible that in the IRBP-induced EAU
model the inhibitory activity of A151 was related to blocking
this effect. However, the inhibition of CpG activity could not
account for the suppression of adoptively transferred inflam-
mation by A151, a system in which adjuvant is not used. In
addition to blocking CpG-induced immune stimulation, sup-
pressive ODN can also inhibit the signal transduction cascade
associated with the production of Th1-related cytokines such
as IFN-g or IL-12 [9]. We hypothesize, therefore, that the
inhibitory effect of A151 in the adoptively transferred inflam-
mation model could be attributed to this mode of action.
Although the adoptively transferred ocular inflammation was

elicited by in vitro activated Th1 cells, we have shown previ-
ously that the injected Th1 cells undergo additional stimula-
tion in the eye upon exposure to their target antigen (HEL)
[38]. The molecular processes that take place during this
lymphocyte restimulation in the eye has not yet been dis-
sected, but it is conceivable that cytokine production plays an
important role in the process, and could be affected by sup-
pressive ODN. Moreover, it is possible that A151 inhibits the
efferent phase of EAU by this same mode of action.

T regulatory (Treg) cells play major roles in certain immu-
nosuppressive processes [39]. Treg cells are identified by the
surface markers CD4 and CD25 and by expression of the
intracellular forkhead box P3 transcription factor (FoxP3).
We examined the possibility that Treg cells participate in the
suppressive effect of A151 by comparing the proportions of
CD4+CD25+FoxP3+ cells in the spleen of mice treated with
A151 and their controls. Using the method described by
Chen et al. [40], we found essentially no difference between
the two groups of mice in the percentage of Treg cells: 3·54%
and 3·64% respectively. In addition, incubation in vitro of
murine T lymphocytes with A151 had no effect on the
expression of the Treg markers or on their regulatory activity
(data not shown).

Our finding that both afferent and efferent limbs of the
immune response are affected by ODN A151 suggests that
this suppressive molecule inhibits a process basic to both
limbs, i.e. the T cell activation by the antigen presented
on antigen-presenting cells. Additional studies are needed to
investigate this hypothesis.

Previous studies demonstrated that ODN A151 could
inhibit the development of glomerulonephritis in lupus-
prone (NZB ¥ NZW) F1 mice [12] and improve survival of
mice challenged with lethal doses of LPS [11]. Thus, our
results recorded here document further that suppressive
ODN can block immunopathogenic processes in which CpG
plays no role. It is noteworthy that the capacity of suppres-
sive ODNs to inhibit the efferent limb of immune responses
makes these agents good candidates for use in treatment of
immune-mediated disease in humans, where presensitized
lymphocytes should be targeted by treatment.
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