Oligodeoxynucleotides Containing CpG Motifs Induce Low
Levels of TNF-« in Human B Lymphocytes: Possible
Adjuvants for Th1l Responses
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Oligodeoxynucleotides containing CpG motifs (CpG-ODN) represent potential adjuvants for specific immunotherapy of type |
allergies because they foster Thil-like immune responses. However, previous work has shown that CpG-ODN induce systemically
active levels of TNF« in murine macrophages. The goal of the present study was to evaluate the release of ThdHn human cells

by a CpG-ODN proven to induce Thl immune responses in cells from atopic individuals and in mice. CpG-ODN induced TN&-

in cells from atopic and healthy individuals. However, the amounts were low, as determined by comparison with commonly used
Ags. Intracellular cytokine staining of PBMC revealed that CpG-ODN-induced TNF-« derived exclusively from B lymphocytes.
TNF-« contributed to the CpG-ODN-augmented proliferation and Ig synthesis in PBMC, but was not involved in IFNy synthesis.

In conclusion, our findings indicate that certain CpG-ODN induce low amounts of TNFe in human B lymphocytes and may
therefore be used to modulate Th2-biased immune responses in allergic patientsThe Journal of Immunology,2001, 166: 3743—
3756.

against allergens lead to allergic reactions such as rhinitisCpG-ODN triggered protective and curative Thl responses in
asthma, and urticaria. T cell responses to several allergengishmaniasis (10, 11). Treatment of mice suffering from experi-
have been characterized thoroughly, indicating that allergen-spewmentally induced bronchial asthma with CpG-ODN prevented air-
cific Th2 lymphocytes play a predominant role in these diseasesyay eosinophilia and subsequent inflammation, characteristics of
since cytokines produced by this T cell subset (IL-4, IL-13) areallergic asthmatic inflammation (12, 13). In addition to the effects
potent IgE-switching factors (1-4). Specific immunotherapyin rodents, CpG-ODN were demonstrated to enhance the immu-
(SIT)® proved to be an efficient treatment for patients sufferingnogenicity of vaccines in monkeys (14, 15). At present, descrip-
from type | allergy to airborne allergens (5). During this therapy tions of immunostimulatory effects of CpG-ODN in humans are
increasing doses of allergen extracts are administered to sensitizg@ll restricted to in vitro studies. CpG-ODN induced proliferation
individuals according to standardized protocols. Recently, studieand Ig synthesis in B lymphocytes (16, 17). Furthermore, B cells
revealed that successful SIT is associated with a modulation of thactivated with CpG-ODN secreted IL-6 and IL-10 and increased
allergen-specific immune response at the T cell level. This shift tahe expression of the surface costimulatory molecules, MHC class
a ThO/Thl-like cytokine pattern was indicated by less production|, CD40, CD54, and CD86 (17, 18). APCs, such as monocytes and
of IL-4 and/or augmentation of IFN-(6). The vaccine routinely  dendritic cells, were described to mature and to synthesize IL-12
used for SIT consists of standardized total allergen extracts adand IL-18 in response to CpG-ODN, which induced NK cells to
sorbed to aluminum hydroxide. However, aluminum hydroxidesecrete increased levels of IFN(19—21). Taken together, these
has been shown to induce Th2-type rather than Thl-type immungndings support the concept that CpG-ODN represent promising
responses (7). In case of atopic allergy, the use of vaccine adjidjuvants for humans when a Thi-like immune response is desired
vants fostering Thl-like immune responses could certainly aug¢22). However, when considering ODN containing CpG motifs as
ment the efficacy of the treatment. possible immunomodulating adjuvants, potential disadvantages
Bacterial DNA and synthetic oligodeoxynucleotides containing gnd/or harmful effects have to be evaluated. CpG-ODN were
CpG-motifs (CpG-ODN) have attracted attention because the¥hown to cause the sequence-dependent induction of large
amounts of TNFe in murine macrophages (23, 24). Furthermore,
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I n atopic individuals, high levels of specific IgE Ab directed acted as Thl-promoting adjuvants in mice (8, 9). Furthermore,
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evaluations may be of importance for the development of Th1{Endogen, Woburn, MA) according to the manufacturer’s instructions. In
promoting vaccine adjuvants that are both active and safe. brief, 96-well plates (Maxisorp; Nunc) were coated overnight at room tem-
perature with anti-human TNE-mADb (2 uwg/ml). After saturation, SN and
standards (Endogen) were incubated foh at room temperature, and
bound TNFe was detected using the matched biotin-labeled anti-human
TNF-a mAb (0.9 ug/ml PBS containing 0.5% Tween 20 and 4% BSA).

. . . After incubation with HRP-conjugated streptavidin (Endogen), the color
P ?.'efgts Isuffgtrrl]ng tfrotm .b"gh ﬁollen anN/(;ngrass ppII?n dalclje_r g¥h(ADt) ‘3ndreaction was developed using tetramethylbenzidine substrate (Endogen).
individuals without atopic background (NAD) were included in this study. 1,5’ sensitivity limit was 0.6 pg/ml. IFN-ELISA (Cytoscreen; BioSource,

Type | allergy was documented by typical case histories, positive skin pric . : .
test, and positive radioallergosorbent test (RAS3; Pharmacia, Uppsala, %alTarlllo, CA) and lg ELISA were performed as described previously

Sweden). None of the AD had previously undergone SIT.

Materials and Methods
Allergic and nonallergic individuals

Flow cytometry

The phosphorothioate-modified oligomeric sequences were synthesized MC were cultured for 10 h W.'th CpG-QDN, non-CpG-ODN. L.PS'
MWG (Munich, Germany). The CpG-containing DNA sequence (CpG- taphylococcus aureuSowan strain | (SAC; Calbiochem), or medium
ODN) was ATCGACTCTCGAGCGTTCTC. A non-CpG-ODN with CG alone in the presence of dg/ml brefeldin A (Slgma).‘Surface anq intra-
inverted to GC served as the negative control (ATGCACTCTGCAGGCT Cellular cytokine stainings were performed as previously described (21).
TCTC). Each ODN was used at a concentration @fN throughout the PBMC were stained with anti-CD3-PerCP, anti-CD14-FITC, anti-CD19-
study, a concentration determined in previous studies (21). Endotoxin wak | - ﬁn? a'?';\ll-lg DSSéAPC.(BeCth Dl_cl_T_lplzon},:hSar'\lAque, CA). To Ztam
measured using tHemulusamebocyte lysate assay (BioWhittaker, Walk- |nrt]ra<|:e ularf b ;x -gonquate anti-TNE-( d"’g |Egen) WE}S used.
ersville, MD). The lower detection limit of theimulusamebocyte lysate The level of background staining was assessed by the use of an isotype-
assay in our hands was 0.03 endotoxin units (EU)/ml. No endotoxin coul atched PE-conJugated‘mpuse g (PharMingen). Cells were analyzed on a
be detected in ODN. The LPS sample (Sigma, St. Louis, MO) used had ah*CSCalibur (Becton Dickinson). Data were analyzed with the computer
activity of 45.5 pg/EU. The following reagents were commercially ob- program _CeIIQuest (version 3'??'.1’ Becton Dickinson). Before stqtlstlcal
tained: polymyxin B (Sigma), tick-borne encephalitis virus vaccine (Bax- analysis, isotype control Ab-positive cells were subtracted from anti-TNF-

ter, Vienna, Austria), purified protein derivative (Staten Serum Institute,”"pos"t've cells.
Copenhagen, Denmark), and tetanus toxoid (Calbiochem, La Jolla, CA)'StatisticaI analysis

Oligodeoxynucleotides and reagents

Cell culture and proliferation assays Statistical significance of differences was determined by the Wilcoxon

PBMC were obtained from peripheral blood by Ficoll-Hypaque densitySignEd rank test. Differences were considered statistically significant for
gradient centrifugation (Pharmacia). PBMCX210°) were cultured in 200 P < 0.05.

wl of Ultra Culture medium (BioWhittaker) supplemented withx210°

M 2-ME and 2 mM glutamine in 96-well tissue culture plates (Costar, Results

Cambridge, MA). B lymphocytes were isolated by negative selection frominduction of TNFe: by CpG-ODN

PBMC using magnetic beads (B cell negative isolation kit; Dynal, New

York, NY). The kit uses a mixture of mouse mAb specific for human CD2, To investigate whether ODN containing CpG motifs increased the
CD3, CD7, CD14, CD16, and CD56 and subsequently magnetic beadsynthesis of TNFe, PBMC from 13 atopic and 13 healthy control
coated with anti-mouse IgG. The obtained cell fractions contained CO”SiSSUbjects were incubated in medium alone or in medium containing

tently <2% CD3", <1% CD14", and<1% CD16/56 cells as determined o

by flow cytometry. B cells (2< 10°) were cultured in round-bottom 96- 3 uM CpG-ODN or 3uM non-CpG-ODN. In addition, cells from
well tissue culture plates (Nunclone; Nunc, Roskilde, Denmark) in theNAD were stimulated with LPS (0.1 ng/ml). Cell culture SN were
medium described above. Proliferation was evaluated after 48 h by pulsinbarvested at several time points (4-96 h) and analyzed using
the cells with PH]thymidine (0.5u.Ci/96 tissue culture well) followed by  EL|SA. However, including AD and NAD, CpG-ODN signifi-

liquid scintillation analysis. All determinations were performed in dupli- ; ; : ;
cate. In inhibition experiments, a neutralizing anti-human T&NRBb (5 cantly increased TNl production compared with medium alone

ug/ml; PharMingen, San Diego, CA) was added simultaneously with CpG-(P < 0.001) or non-CpG-ODN < 0.001; Table I). The optimal
ODN to the cultures. An isotype-matched Ab (PharMingen) served as thdime point to detect TNFe synthesis in PBMC was 12 h (Table 1),
control. The addition of the isotype control Ab did not influence the effectssince TNFe levels were decreased at the later time points (data
of CpG-(_)DN. To evaluate Ig productlor_1,>4 10° PBMC were cultured in _ not shown). Background levels of TN&production varied con-
24-well tissue culture plates (Costar) with the CpG-ODN for 8 days. Anti- _. e L .
human TNFe Ab and the isotype control were added on days 0, 3, and g Siderably among individuals. No significant difference was ob-
served between AD and the healthy control subjects. Polymyxin B,
a specific inhibitor of LPS, did not affect CpG-ODN-induced
Cell-free supernatants (SN) were collected at different time points (4-96 hjl NF-a production, indicating that TNe-production was not due
and analyzed for TNFe using ELISA with Endogen Matched Ab Pairs to endotoxin contamination (data not shown).

Detection of cytokines and Ig

Table I. Induction of TNFe (pg/ml) by CpG-ODN in PBMT

AD Medium CpG-ODN Non-CpG-ODN NAD Medium CpG-ODN Non-CpG-ODN LPS
1 <0.6 1.2 <0.6 1 <0.6 0.7 1.7 7.3
2 <0.6 <0.6 <0.6 2 8.2 22.8 9.5 44.8
3 1.1 3.4 1.7 3 <0.6 2.3 1.2 6.9
4 <0.6 9.2 <0.6 4 2.3 5.2 2.6 61.6
5 4.5 16.8 7.6 5 49.5 85 45 >300
6 31.5 10.3 11.2 6 2.7 19.2 3.7 47.9
7 1.6 6.0 1.9 7 2.2 5.1 2.6 61.3
8 9.6 34.9 12.7 8 17 84.9 29.6 >300
9 4.4 10.7 3.8 9 2.0 5.8 4.0 114

10 7.5 50.1 35.7 10 2.9 21.9 3.7 47.9

11 72.7 72.5 56.5 11 1.5 6.8 1.8 13

12 <0.6 25 2.9 12 <0.6 5.3 0.7 27.5

13 2.0 145 1.5 13 115 476 142 >300

apPBMC (1x 107/ml) were stimulated with medium, 3M ODN, and LPS (0.1 ng/ml), respectively. SN were harvested after 12 h and assessed febyNFISA. Means

of duplicates are presented.



Induction of TNFe by different Ags
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To estimate the CpG-ODN-induced amount of TNFPBMC

from 16 individuals (8 AD and 8 NAD) were stimulated with the

tick-borne encephalitis virus vaccine (250 ng/ml), purified protein
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centration of 1ug/ml. TNF-« levels were assessed by ELISA and w ® 0.7]0.05 ®

are summarized in Table 1. Again, the optimal incubation period q %] FTO122 e B
was 12 h. CpG-ODN-induced TNé&4evels were generally lower g b ¥ g_l 8®

than the amounts induced by Ags, which are commonly used in 5 ey ;F e

humans. § 'gm" .m‘cm:gimw“ 10! % jem" w'c‘)‘?ﬁmw’ 104
CpG-ODN-induced TNFe derives from B lymphocytes, but not %‘ N Bg'g. .é N 32'11?'

from monocytes @ ; LR - e b I
To determine the cell type(s) responsible for CpG-ODN-induced T £ Aﬁ—o

TNF-a production, staining of cell surface markers and intracel- o - - 4 |
lular cytokines was performed in PBMC. The two-color dot plots Y O T
depicted in Fig. 1 show that TN&-secretion in CD19 cells B 0802 ®

markedly increased when PBMC were stimulated with CpG-ODN % - 886]103 .:2 D
compared with non-CpG-ODN or medium alone. SAC, a stimu- 2

lator of TNF-« in B cells, served as a positive control. For B cells =

the optimal time point for intracellular TNE-detection was 10 h, )
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compared with 20 and 30 h (not shown). Fig. 2 shows the pooled e I9Fme
flow cytometry results from PBMC obtained from six AD and six ———» CD19-FITC
NAD. Stimulation with CpG-ODN led to a significant rise in the
percentage of TNRe-producing CD19 lymphocytes. The effi

ciency of nonTCpG_ODN was significantly lower than that of non-CpG-ODN C), or SAC D). Thereatter, cells were stained for CD19-
CpG-ODN. Neither mo_”of?)’tes (CDI% T Iymphopytes (CD3), FITC and for isotype control-PE or TN&-PE. For analysis, a gate was set
nor NK cells (CD56) significantly secreted TNR-in response to o lymphocytes by scatter properties. This figure shows one representative
CpG-ODN at 10, 20, or 30 h of incubation. As expected, LPStwo-color flow cytometric analysis of 12 independent experiments. &NF-
induced significant TNFee production in monocytes, whereas B secretion in CD19 cells markedly increased in cultures stimulated with
cells were not affected. Thus, B lymphocytes represent the sole ce{ipG-ODN.

type secreting TNFe in response to CpG-ODN.

FIGURE 1. B lymphocytes secrete TN&-in response to CpG-ODN.
PBMC were stimulated for 10 h with medium alon®),(CpG-ODN @),

B lymphocytes respond directly to CpG-ODN by TMF-

synthesis as suggested by the experiments with PBMC. Non-CpG-ODN also

B cells were negatively selected from peripheral blood of six in-induced increased amounts of TNFeompared with medium
dividuals (three AD and three NAD), and SN were analyzed byalone. These data indicate that TNRnduction by CpG-ODN is
ELISA (Table IlI). Again, the optimal time point was 12 h. Puri- a direct effect on B cells without the contribution of other cell
fied B lymphocytes synthesized TNFin response to CpG-ODN, types.

Table Il. TNF-« (pg/ml) synthesis in PBMC in response to commonly used Ags

Tick-borne
Encephalitis Purified Protein
Medium CpG-ODN Virus Derivative Tetanus Toxoid
1 <0.6 1.2 1.7 16.9 <0.6
2 <0.6 <0.6 22.9 108 7.9
3 1.1 3.4 13.5 11.6 ND
4 <0.6 9.2 25.7 >300 11
5 1.9 20.5 131 110 1.7
6 1.6 6.1 7.3 75.7 10.8
7 1.7 15.2 12.2 16.2 1.9
8 3.8 5.8 12.7 120 2.9
9 <0.6 0.7 10.5 9.1 ND
10 8.2 22.8 43.1 62.6 8.3
11 <0.6 2.3 9.2 11.2 ND
12 2.3 52 38.4 12.6 1.8
13 49.5 85 53 >300 48.7
14 2.7 19.2 22.2 124 ND
15 7.3 7.8 5.3 41.4 4.3
16 45 12.9 20.7 19.6 3.2

2PBMC were cultured for 12 h in medium alonep® CpG-ODN (19ug/ml), tick-borne encephalitis virus vaccine (250 ng/ml), purified protein derivativeftl), and
tetanus toxoid (Jug/ml), respectively. SN were harvested after 12 h and assessed for HYFELISA. Individuals 1-8 were AD and 9-16 were NAD. Means of duplicates
are presented.

P ND, Not done.
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FIGURE 2. CpG-ODN-induced TNFx derives exclusively from B
lymphocytes. PBMC from 12 individuals were cultured in medium alone 0s Q s 0
(A) or with CpG-ODN B), non-CpG-ODN C), LPS (0.1 ng/ml;D), or = = IfEl é
SAC (E) and stained for surface markers as describeMaterials and
Methods After intracellular cytokine staining, the percentage of Téd-- Y 1 2 0 1 2

producing cells of each cell type was calculated. Isotype control-positiver|GURE 3. TNF-« is involved in CpG-ODN-induced proliferation and
cells were subtracted from anti-TNk-positive cells. Box plots of pooled g put not in IFN+y, synthesis. PBMC were incubated in medium aldde (
flow cytometry experiments are shown. Each box represents the interquaigith CpG-ODN and either an isotype-matched control Ap ¢r a neu-
tile range containing the 50% of values. The line across the box indicateﬁanzing anti-human TNFRe-Ab (2). Proliferation was determined by
the median, and the whiskers extend to the highest and lowest Va|UeF‘-H]thymidine incorporation assays after 48 &)(IFN-y levels were as
CpG-ODN significantly increased the percentage of CDIBIF-a-secret  sessed after 24 18], Ig synthesis was determined in SN of PBMC incu-
ing cells. This was not observed in T cells (CD3monocytes (CD14), bated with CpG-ODN and the respective Ab (added on days 0, 3, and 6)
or NK cells (CD56'"; by Wilcoxon signed rank test, p < 0.05;##, p < after 8 days € andD). The addition of the anti-human TN&-Ab signit-
0.01). icantly inhibited proliferative responsea)(and IgG C) and IgM ©) syn-
thesis (by Wilcoxon signed rank test; p < 0.05;*#, p < 0.01). In con-

o ) ) _ . trast, IFN<y production induced by CpG-ODN was not significantly
TNF-« is involved in CpG-ODN-induced proliferation and Ig reduced B).

production, but not IFNy synthesis, in PBMC

B cells have been shown to proliferate when PBMC were culturedmmunological stimuli, e.g., by Ags routinely used in humans. Our
with CpG-ODN (17). Since TNFe is an autocrine growth factor  study reveals that CpG-ODN-induced TFderives exclusively

for B lymphocytes, we investigated whether the mitogenic effectsfrom human B lymphocytes and represents a key cytokine in-
of CpG-ODN on PBMC depended on TNE-As shown in Fig.  volved in CpG-ODN-induced proliferation and Ig secretion in
3A, the addition of a neutralizing anti-human TNFAb signifi- PBMC. The capability of CpG-ODN to induce IFin PBMC is,
cantly inhibited CpG-ODN-triggered proliferation in PBMC de- however, independent of B cell-derived TNE-

rived from nine individuals compared with the isotype-matched The goal of the present study was to evaluate possible harmful
control Ab. Moreover, the anti-TNl- Ab significantly reduced  cytokine-mediated effects of a CpG-ODN proven to induce Thil
CpG-ODN-augmented synthesis of 1gG (Fig)3and IgM (Fig.  cytokines in human cells and mice (21, 27). We observed that the
3D) in cells derived from five AD. On the other hand, the CpG- stimulation of human PBMC with CpG-ODN induced a significant
ODN-induced synthesis of IFN-in PBMC was not significantly  increase in TNFx production in vitro. This effect was identical in

affected by the anti-human TN&-Ab (Fig. 3B). AD and healthy control subjects. However, several indications
_ ) suggest that the synthesis of TNFean be regarded as a phenom-
Discussion enon of less importance: we found that 2 EU/ml LPS, an amount

The release of high levels of TN&-(>100 pg/ml of blood) can beyond the allowed limit for LPS in parenteralia according to the
cause systemic shock-like reactions in humans (28). It was rePharmacopoea Europedicited markedly higher levels of TN&-
ported that CpG-DNA is capable to induce TNFn a sequence- in cells from every individual tested. Furthermore, the comparison
dependent manner (24). Therefore, we analyzed whether an ODNith Ags such as tetanus toxoid, purified protein derivative, and
containing three CpG-motifs, which represents a promising adjuthe tick-borne encephalitis virus vaccine revealed that these sub-
vant candidate for SIT of allergic patients, triggered the synthesistances stimulated the production of similar levels of endogenous
of TNF-a. Here, we show that this phosphorothioate-modified TNF-«. Although it is difficult to extrapolate in vitro data to the
DNA sequence induces TNé&-n PBMC derived from atopic as situation in vivo, our data provide evidence that this particular
well as healthy individuals. However, the amounts of TNve  DNA sequence will not induce systemically active amounts of
relatively low and comparable to the amounts induced by commomNF-a when administered as vaccine adjuvant.

Table Ill. CpG-ODN induce TNFe production in purified B lymphocytés

Medium Medium
AD Alone CpG-ODN Non-CpG-ODN SAC NAD Alone CpG-ODN Non-CpG-ODN SAC
1 1.2 91.9 3.0 191 1 <0.6 28.4 2.3 96.3
2 <0.6 104.3 3.7 >300 2 <0.6 15.9 <0.6 62.5
3 1.6 54.9 17.7 >300 3 <0.6 51.3 NDY NDP

aB cells were negatively selected from the peripheral blood and cultured 10%ml) with medium alone, CpG-ODN, and non-CpG-ODN. SN were obtained after 12 h
and TNF« was analyzed by ELISA. Means of duplicates are presented.
P ND, Not done.
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Recently, Sparwasser et al. (25, 29) suggested a possible role f@&cknowledgments
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ated CpG maotifs in the septic shock syndrome, since certain CpG-

ODN induced murine macrophages to release high amounts %eferences

TNF-a. Along with T cells, the predominant cell type responsible
for TNF-« production in general is the macrophage. It is therefore
of importance that, according to our findings, B lymphocytes rep-
resented the sole source of CpG-ODN-stimulated Thgynthesis ’
in human peripheral blood. In contrast to CD'1€ells, monocytes

did not significantly accumulate TN&-in response to CpG-ODN,

as determined by intracellular cytokine staining (Fig. 2). Apart 3.
from that, these observations provide further evidence that CpG-
ODN and LPS substantially differ in their ability to induce immu-
nological effects (26). CpG-ODN stimulated the synthesis of
TNF-«a in purified B lymphocytes, a fact that was also observed in
chronic lymphocytic leukemia B cells (30). Together, these data
strongly suggest that CpG-ODN directly induce TFn B cells
without the contribution of other cell types or exogenous cyto-
kines. As the control ODN also induced measurable TiN&yn-
thesis in purified B cells and PBMC, we determined whether the 6.
presence of the hexameric palindrome was responsible for these.
effects. Two additional CpG-ODN (1668, A2) that do not contain
a palindrome and their respective controls containing inverted GC
motifs were examined (31). The TNk-evels induced by these
CpG-ODN were comparable to those induced by the DNA se-
quence under investigation in our study (data not shown). The
control GC-ODNSs also stimulated TN&-synthesis in some indi-
viduals, however, significantly less than the respective CpG-ODN
(data not shown). From this we cannot exclude a contribution ofto.
the phosphorothioate backbone itself to the observed B cell acti-
vation as has been reported previously (16). 11.

Several studies have suggested an important role for &N¥-
the regulation of B cell proliferation and differentiation (32). B
lymphocytes have been shown to synthesize TiN&pon appro-
priate stimulation, including pharmacologic and natural stimuli,
e.g., EBV and HIV (33). ODN containing CpG motifs might trig- 13.
ger TNF« synthesis in B cells analogous to viral infections. This
corroborates the hypothesis that CpG motifs are sensed as danger/
infection signals in potentially pathogenetic DNA. Neutralizing 14.
anti-TNF-« Ab significantly reduced CpG-ODN-induced prolifer-
ation in PBMC, which was mainly attributed to B cells, and the
synthesis of IgG and IgM (17). This leads to the speculation that5-
the mitogenic effects of CpG-ODN on B cells are regulated by
TNF via an autocrine loop, again in analogy with the behavior of
EBV-transformed B cells (34). In addition, SAC-induced prolifer- 16
ation in PBMC could be reduced by the anti-TNFAb, whereas
in cultures stimulated with LPS no proliferation was detected (datal?-
not shown). On the other hand, TNFdid not significantly influ-
ence CpG-ODN-induced IFN-synthesis, which predominantly
derives from NK cells (21).

The success of SIT, the treatment of choice in certain forms of1L9
type | allergy, can be attributed to a change from Th2 toward Th120.
immune responses at the level of allergen-specific T lymphocytes.
Recently, allergen-specific T lymphocytes were shown to develop.
into Thl-like cytokine-secreting effector cells by phosphorothioate
ODN (35). We have previously shown that polyclonal IgE pro-
duction is reduced by CpG-ODN (21). Therefore, the use of CpG-=22.
ODN as vaccine adjuvants represents a promising strategy for fLE—
ture SIT (36). However, potential undesired effects, such as the
induction of high levels of TNFe, need to be excluded. We show
that CpG-ODN-induced TNTe derives exclusively from B lym-
phocytes and can be considered an epiphenomenon.
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