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TLRs are primary sensors of both innate and adaptive immune systems, where they play a pivotal role in the response directed
against structurally conserved components of pathogens. Synthetic bacterial lipopeptide Pam3CSK4 is a TLR2 agonist capable of
modulating Th1 and Th2 responses. This study examines the therapeutic effect of Pam3CSK4 in established airway inflammation
in a murine model of asthma. In mice previously sensitized and challenged with OVA, Pam3CSK4 given i.p. markedly reduced
the total inflammatory cell infiltrate and eosinophilia in bronchoalveolar lavage fluid. Pam3CSK4 therapy was associated with a
reduction in OVA-induced IL-4 and IL-5 secretion from thoracic lymph node culture, airways inflammation, bronchial hyper-
responsiveness, and serum levels of IgE. Pam3CSK4 therapy was also associated with an increase in OVA-induced IFN-�, IL-12,
and IL-10 production. However, the anti-inflammatory effect of Pam3CSK4 was independent of IL-10 or TGF-�, but was critically
dependent on IL-12, the production of which by dendritic cells was enhanced by Pam3CSK4 in vitro. Our results provide direct
evidence that Pam3CSK4 could represent a novel therapeutic agent in allergic airways disease. The Journal of Immunology, 2005,
174: 7558–7563.

A sthma is a chronic inflammatory condition of the airways
characterized by airways hyperresponsiveness (AHR),3

inflammatory infiltrates in the bronchial wall containing
eosinophils, and elevated serum IgE levels. Th2 lymphocytes are
thought to play a key role in the initiation and perpetuation of this
airway inflammation (1–3). The prevalence of asthma and allergies
has increased dramatically over the last 20 years in developed
countries, which cannot be explained by changes in genetic pre-
disposition. Environmental factors, especially in industrialized
countries, are now thought to be responsible for this rapid increase
in asthma (4, 5).

Respiratory infections have been linked to asthma in both a
preventative and an exacerbating role (4, 5). Hence, investigating
the system that initially recognizes the respiratory tract pathogens
seems imperative to understanding this inflammatory disease.
TLRs are pattern recognition receptors that act as primary sensors
of microbial products. There are now 10 TLRs identified in hu-
mans, found in both the innate and the adaptive immune system,
where they play a pivotal role in the response directed against
distinct, structurally conserved components of pathogens (6, 7).

Administration of low dose intranasal LPS in a murine model of
asthma resulted in an increase in the Th2-mediated allergic phe-
notype, which is dependent on TLR4 (8). Immunomodulatory oli-
godeoxynucleotides and LPS can reduce allergic inflammation in
experimental models of asthma via the activation of TLR9 and
TLR4, respectively (8–10). To date, TLR9 is the only TLR that
has been shown to reverse established airway inflammation in both
acute and chronic murine models of asthma (10, 11).

Recently, it has been demonstrated that TLR2 polymorphism is
a major determinant of the susceptibility to asthma and allergies in
children of farmers in Germany (12). TLR2 recognizes microbial
components by forming a heterodimer with TLR1 or TLR6 (13),
and previous studies have examined the effect of the TLR2 ago-
nists synthetic bacterial lipopeptide (Pam3CSK4) and peptidogly-
can (PGN) in murine models of asthma. The results were contra-
dictory. When administered during the sensitization period, early
TLR2 agonist treatment was reported to worsen Th2-mediated
asthma (14, 15). In contrast, TLR2 activation immediately before
the intranasal challenge was found to reduce allergic airways in-
flammation (16). It is important to note, however, that although
PGN was thought to activate the TLR2/6 heterodimer, recent work
suggests that lipoprotein and lipoteichoic acid contamination of
PGN may be responsible for its TLR2 activation (17). All studies
to date have examined TLR2 activation before the airway chal-
lenge in these models (14–16), and none has examined the ther-
apeutic potential of TLR2 agonists in established inflammation.

We have investigated the therapeutic effect of the synthetic
TLR2 agonist, Pam3CSK4, on established airways inflammation.
We report in this study that Pam3CSK4 profoundly attenuated an
established OVA-specific asthma in mice. This therapeutic effect
was critically dependent on IL-12, but not IL-10 or TGF-�, and
was accompanied by an enhanced specific IFN-�-producing Th1
response. Our data therefore provide direct evidence that
Pam3CSK4 or other TLR2 agonists could have potential as a new
treatment of clinical asthma.
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Materials and Methods
Mice

The BALB/c mice (Harlan-Olac) used were 6- to 8-wk-old females.
DO11.10 mice, transgenic for TCR specific to OVA peptide (sequence
323–339), were on a BALB/c background. IL-12 p40 knockout (KO) mice
were supplied by Prof. A. M. Mowat (University of Glasgow, Glasgow,
U.K.) and were also on a BALB/c background. All mice were kept at the
Biological Services facilities of University of Glasgow according to the
U.K. Home Office guidelines.

Reagents

Synthetic bacterial lipopeptide Pam3CSK4 (EMC Microcollections), PGN
(Sigma-Aldrich), OVA (fraction V; Sigma-Aldrich), and rat or rabbit IgG
(Sigma-Aldrich) were all prepared in sterile PBS (Invitrogen Life Tech-
nologies). Avertin solution was 1,1,1-tribromoethanol (Sigma-Aldrich)
dissolved 1/1 (w/v) in amyl alcohol (Sigma-Aldrich), then diluted 1/40 in
PBS. The alum suspension was 2% Alhydrogel (Brentag Biosector). Anti-
IL-10R was provided by Dr. K. Moore (DNAX). Anti-IL-12 was a poly-
clonal rabbit anti-mouse IgG Ab prepared from clone Rab74.6, and anti-
TGF-� mAb was prepared from clone 1D11.16 (both from American Type
Culture Collection).

Sensitization and challenges with OVA and treatment with
Pam3CSK4

Airway eosinophilia was elicited by a modified protocol (18). Mice were
immunized i.p. on days 0 and 14 with 100 �g of OVA in an alum sus-
pension made up to a volume of 200 �l. On day 14, mice were anesthetized
with 250 �l of avertin, and 100 �g of OVA in 40 �l of PBS was admin-
istered intranasally (i.n.). Mice were again anesthetized before being chal-
lenged i.n. on each of days 25, 26, and 27 with 10 �g of OVA in 40 �l of
PBS. Control mice were given PBS in place of OVA in both sensitization
and challenge stages. Enhanced pause (Penh; EMMS) was measured at
12.5–50 mg/ml methacholine on day 28, as previously described (19). Mice
were killed on day 29 by administration of a fatal dose of avertin. To test
the effect of TLR2 agonist, a single dose of Pam3CSK4 (100 �g) was
administered i.p. on day 25, 26, or 27, 2 h after the i.n. OVA challenge. In
some experiments, anti-IL-12, anti-IL-10R, anti-TGF-� or rat/rabbit IgG
control was administered i.p. (1 mg/200 �l of PBS/mouse) on day 27
together with Pam3CSK4 treatment, 2 h before i.n. OVA challenge.

Bronchoalveolar lavage (BAL)

Immediately after the administration of a fatal dose of avertin, a blood
sample was collected by cardiac puncture. BAL was then harvested using
two aliquots of 0.8 ml of PBS. The lavage samples from individual mice
were kept on ice until processing. The BAL was centrifuged at 1400 rpm
for 5 min, and the supernatant was removed. The volume of each super-
natant was measured before storage at �70°C until assayed for cytokines.
The BAL cell pellet was then resuspended in 1 ml of PBS and counted
using a hemocytometer (Weber Scientific). Cytospin preparations were
made using a Cytospin (Shandon) and were stained with Diff-Quick (Tri-
angle Biomedical Sciences) in a rapid Romanowsky staining method. Dif-
ferential cell counting was performed using standard morphological
criteria.

Lung histology

After BAL sampling, the lungs were removed and inflated with 1 ml of
10% neutral-buffered formalin, then fixed in 10% neutral-buffered formalin
for 72 h. The left lung was dissected free and embedded in paraffin. Sec-
tions (6 �m) were stained with H&E and examined under �20–100 mag-
nification, and peribronchial and perivascular inflammation was assessed.

Lymphoid cell culture

Thoracic lymph nodes and spleens were harvested, and single-cell suspen-
sion was cultured in RPMI 1640 medium supplemented with 2 mM L-
glutamine, 100 IU/ml penicillin, 100 �g/ml streptomycin, 50 mM 2-mer-
captopurine, and 10% heat-inactivated FCS (all from Invitrogen Life
Technologies). Cells were cultured at 2 � 106 cells/ml with 1 mg/ml OVA
for 96 h in triplicate in U-bottom, 96-well plates (Nunc). Supernatants were
analyzed for cytokine concentrations by ELISA. T cell proliferation was
determined by [3H]thymidine incorporation at 72 h.

Bone marrow-derived dendritic cells (BMDC)

BMDCs were generated as described previously (20, 21). The cells were
cultured at 2 � 105 cell/ml with 0.3 �M OVA323–339 peptide and

Pam3CSK4 (10 or 100 �g/ml) for 12 h. Supernatants were collected and
stored at �70°C for cytokine analysis. The residual cells were then washed
and cultured with 1 � 106 CD4� T cells, 0.3 �M OVA323–339 peptide, and
Pam3CSK4 (10 or 100 �g/ml) for an additional 12 h. T cells were purified
from the lymph nodes of OVA TCR transgenic (DO11.10) by negative
selection using magnetic beads (MACS; Miltenyi Biotec) (22). Superna-
tants were collected and stored at �70°C for cytokine analysis.

ELISA

Murine IL-4, IL-5, IL-12, IFN-� (BD Biosciences), and IL-10 (BioSource
International) were assayed using paired Abs. The lower limit of detection
for IL-4, IL-5, IL-10, and IL-12 was 10 pg/ml, and that for IFN-� was 40
pg/ml. Total serum IgE was measured using an OptEIA ELISA kit (BD
Biosciences); the lower limit of detection was 6 ng/ml.

Statistical analysis

ANOVA was used to compare differences between multiple groups. Sta-
tistical significance between individual groups was then examined by Stu-
dent’s t test. A value of p � 0.05 was considered significant, and p � 0.01
was deemed highly significant.

Results
Pam3CSK4 reverses established OVA-induced airways
inflammation

To investigate the therapeutic potential of Pam3CSK4 in reversing
inflammation in allergic asthma, we used an OVA-induced murine
asthma model. BALB/c mice were primed and boosted with OVA
as described in Materials and Methods. All mice were challenged
i.n. on 3 consecutive days beginning on day 25. Pam3CSK4 (100
�g/mouse) was administered i.p only once on day 25, 26, or 27.
Pam3CSK4 was given 2 h after challenge (Fig. 1A). Thus, mice
treated with Pam3CSK4 on day 27 alone would have been chal-
lenged on the previous 3 days with OVA. Untreated OVA-sensi-
tized and -challenged mice produced the expected airway hyper-
sensitivity. Pam3CSK4 treatment showed a profound reduction in
the BAL total cell count, eosinophilia, and Penh value (Fig. 1B).
Histological analysis demonstrated a reduction in the inflammatory
infiltrates in the peribronchial and perivascular areas of the murine
lungs treated with Pam3CSK4 (Fig. 1C). This decrease in airway
hypersensitivity was observed on all days that Pam3CSK4 was
administered. Even mice that had received all three i.n. OVA chal-
lenges showed a profound decrease in airways inflammation when
Pam3CSK4 was administered 2 h after the last i.n. allergen dose
(see day 27 data). This beneficial effect of Pam3CSK4 was sus-
tained for at least 5 days after treatment (data not shown). These
results demonstrate that Pam3CSK4 could be a novel therapeutic
agent for established asthma. The dose of Pam3CSK4 used was
determined by in vivo titration. Although 25 �g of Pam3CSK4
was found to significantly reduce airway hypersensitivity, 100 �g
consistently produced highly significant attenuation of AHR (data
not shown). Hence, 100 �g was selected for all subsequent
experiments.

Immunological analysis of the effect of Pam3CSK4

To investigate the immunological mechanism involved in
Pam3CSK4 treatment, lymphoid cells were harvested from the
Pam3CSK4-treated and untreated control mice and cultured with
OVA in vitro. Pam3CSK4 did not affect T cell proliferation against
OVA in vitro (data not shown). However, lymphoid cells from
Pam3CSK4-treated, OVA-sensitized/challenged mice produced
significantly more IFN-� and IL-10 compared with those from
untreated, OVA-sensitized/challenged mice (Fig. 2A). In contrast,
Pam3CSK4 treatment led to a marked reduction in IL-4 and IL-5
synthesis by lymphoid cells from OVA-sensitized/challenged
mice. Serum obtained from mice after Pam3CSK4 treatment
showed a marked reduction in the concentration of total IgE Ab.
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OVA-specific IgE also demonstrated a decrease after Pam3CSK4
therapy (data not shown). The level of serum IL-12 was greatly
increased (up to 15 ng/ml) as early as 2 h after Pam3CSK4 injec-

tion (Fig. 2B). Thus, there appears to be a skewing of the Th2 to
Th1 response immediately after Pam3CSK4 treatment.

Pam3CSK4 enhances IL-12 and IFN-� synthesis in vitro

To investigate the cell source and mechanism by which
Pam3CSK4 induced IL-12 production and Th1 cell development,
we cultured BMDCs with graded doses of Pam3CSK4 in vitro. In
response to Pam3CSK4, BMDCs produced significant levels of
IL-12 (Fig. 3A). IL-10, IFN-�, IL-4, and IL-5 were not detected in
any appreciable amount (data not shown). The cells were then
washed and cultured with highly purified CD4� T cells from
OVA-TCR transgenic mice (DO10.11) in the presence of OVA
peptide. CD4� T cells cultured in the presence of BMDCs and
Pam3CSK4 produced significant IFN-�, but little or no detectable
IL-4 (Fig. 3B). These results demonstrate that Pam3CSK4 is ca-
pable of inducing DCs to produce IL-12, which, in turn, enhanced
the development of Th1 cells and the production of IFN-�.

The therapeutic effect of Pam3CSK4 is IL-12 dependent

We then investigated the role of IL-12 in the therapeutic effect of
Pam3CSK4. Mice were sensitized and challenged with OVA as

FIGURE 1. Pam3CSK4 has a therapeutic effect on established allergic
airways disease. A, Experimental protocol. BALB/c mice were injected i.p.
with 100 �g of OVA and 100 �l of 2% alum on days 0 and 14. The mice
were boosted i.n. with 100 �g of OVA on day 14. All mice were then
challenged i.n. on 3 consecutive days, beginning on day 25. Pam3CSK4
(100 �g/mouse) was administered i.p only once on day 25, 26, or 27.
Pam3CSK4 was given 2 h after challenge. Penh was determined on day 28,
and mice were killed on day 29. Serum, BAL, and lymphoid cells were
collected, and lung histology was studied. B, Total BAL cell concentration
and eosinophil proportion fell markedly after Pam3CSK4 therapy. Even
mice given three i.n. challenges (on days 25–27) and then given one dose
of Pam3CSK4 2 h after the last i.n. challenge demonstrated a highly sig-
nificant fall in their BAL indices (��, p � 0.01 compared with mice given
OVA alone). The Penh after a 2-min nebulization with 50 mg/ml metha-
choline shows decreased AHR in bacterial lipopeptide Pam3CSK4-treated
mice (�, p � 0.05). Lung cytokines were not detected. Data are the mean �
SEM (n � 10) and are representative of four independent experiments. C,
H&E sections of lungs (�20 magnification) demonstrate that airways in-
flammation was completely ameliorated by Pam3CSK4 therapy. The pic-
tures (day 26) are representative of 10 mice per group.

FIGURE 2. Pam3CSK4-treated mice produced enhanced Th1 and re-
duced Th2 responses. Mice were described in Fig. 1. A, Lymph node cells
were harvested on day 29 and cultured with 1 mg/ml OVA in vitro as
described in Materials and Methods. Culture supernatant was collected at
96 h, and cytokine concentrations were assayed by ELISA. Data are the
mean � SEM (n � 5) and are representative of three experiments. B, Sera
were collected 2 h after Pam3CSK4 treatment on day 27. Pam3CSK4 treat-
ment led to a marked reduction in total IgE (��, p � 0.01 compared with
untreated control) but highly enhanced IL-12 synthesis (up to 15 ng/ml).
OVA-specific IgE showed a similar reduction after Pam3CSK4 treatment
(data not shown). Data are the mean � SEM of individual mice (n � 6–8).
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described above and injected i.p. with anti-mouse IL-12 or control
rabbit IgG 2 h before i.n. challenge on day 27. Pam3CSK4 was
administered 2 h later. Fig. 4 shows that the therapeutic effect of
Pam3CSK4 was completely abrogated by anti-IL-12 Ab. This was
clearly demonstrated by the reversal of eosinophilia and IgE,
IFN-�, IL-4, and IL-5 synthesis (Fig. 4A). Mice injected with anti-
IL-12 Ab showed lung inflammatory cellular infiltration indistin-
guishable from that of mice sensitized, but untreated with
Pam3CSK4 (Fig. 4B). To confirm the role of IL-12 in this model,
we sensitized and challenged IL-12 KO mice with OVA and
treated them with Pam3CSK4 as described above. Although wild-
type control mice showed the expected beneficial effect of
Pam3CSK4 treatment, IL-12 KO mice did not (Fig. 5). IL-12 KO
mice exhibited the same degree of eosinophilia and IL-4 synthesis
(Fig. 5A) and lung cellular infiltration (Fig. 5B) as the untreated
IL-12 KO or wild-type mice. These results therefore clearly dem-
onstrate that the therapeutic effect of Pam3CSK4 in asthma is crit-
ically dependent on the preferential induction of IL-12.

The therapeutic effect of Pam3CSK4 is IL-10 and TGF-�
independent

The enhancing effect of Pam3CSK4 on IL-10 production in vivo
and in vitro suggests a potential role of regulatory T cells in the
beneficial outcome of Pam3CSK4 treatment. IL-10 and TGF-�
have been implicated as the effectors of several subclasses of reg-
ulatory T cells (23–26). To investigate this possibility, mice were
sensitized and challenged with OVA in the standard protocol. The
animals were injected i.p with anti-mouse IL-10R Ab, anti-TGF-�
Ab, or control normal IgG 2 h before i.n. OVA challenge on day
27. Pam3CSK4 therapy (day 27) was administered 2 h after the last
i.n. challenge. These Abs and the amounts administered are rou-
tinely found to be effective in abrogating CD4�CD25� regulatory
T cells in our own laboratory (26). Neither anti-IL-10R Ab nor
anti-TGF-� Ab had any effect on BAL cell counts, eosinophilia,
OVA-induced cell cytokine production by lymphoid cells, or in-
flammatory cell infiltrate in the lungs (Fig. 6). These results indi-

cate that the therapeutic effect of Pam3CSK4 in airway hypersen-
sitivity observed is unlikely to be mediated by regulatory T cells.

Discussion
Our study demonstrates an impressive therapeutic role of
Pam3CSK4 in a murine asthma model. The beneficial effect was
immediate and sustained. The effect of Pam3CSK4 appears to be
based at least in part on its ability to induce IL-12 synthesis by
DCs. The heightened levels of IL-12, in turn, enhance a specific
Th1 response and decrease Th2 activity. The therapeutic effect is
independent of IL-10 and TGF-� and, by extension, is unlikely to
involve regulatory T cells.

In a human study it has been shown that IL-12 administration
could reduce blood and sputum eosinophilia, but did not signifi-
cantly change AHR (27). It is known that both IFN-� and IL-12
can reverse Th2-mediated AHR and inflammation in murine mod-
els of allergic airways inflammation (28). However, it has also
been reported that high levels of IFN-� and IL-12 could promote
established Th2-induced eosinophilic inflammation, and that a
strong Th1 response (independent of Th2 involvement) could in-
duce AHR (29–31). This is perhaps not surprising, because at high

FIGURE 3. Pam3CSK4 enhanced IL-12 production by DCs and IFN-�
synthesis by T cells in vitro. A, BMDC were cultured with 10 or 100 �g/ml
Pam3CSK4 for 12 h. Cytokine concentrations in the culture supernatant
were assayed by ELISA. No cytokine was detected in the cultures without
Pam3CSK4. In the presence of Pam3CSK4, BMDC-produced IL-12. IL-
10, IFN-�, IL-4, and IL-5 were not detected. B, CD4� T cells were purified
from DO11.10 mice and cultured in a 5:1 ratio with BMDC in the presence
of OVA peptide and Pam3CSK4 for 72 h. Cytokine concentrations in the
culture supernatant were assayed by ELISA. Pam3CSK4 enhanced IFN-�,
but not IL-4, synthesis. Data are the mean � SEM (n � 3) and are rep-
resentative of three experiments.

FIGURE 4. The therapeutic effect of Pam3CSK4 was blocked by anti-
IL-12 Ab. A, Mice were sensitized and challenged as described in Fig. 1.
They were injected i.p. with 1 mg of anti-IL-12 Ab or control normal rabbit
IgG 2 h before the last (day 27) i.n. OVA challenge. Pam3CSK4 was
administered i.p. 2 h after challenge. Anti-IL-12 Ab reversed the effect of
Pam3CSK4 on the eosinophilia, IgE, IFN-�, and IL-4 profile of the mice.
Data are the mean � SEM (n � 8). B, Lungs were harvested and fixed, and
histology was examined as described in Fig. 1. Anti-IL-12 Ab completely
reversed the therapeutic effect of Pam3CSK4. Data are representative of
eight mice per group.
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concentrations, IFN-� is a well-recognized proinflammatory cyto-
kine in its own right. In as much as Th2 cytokines are a dominant
detrimental feature in airways diseases, the key therapeutic ap-
proach is perhaps to achieve a balance between Th2 and Th1 cy-
tokines, where there is a decrease in Th2 cytokines without a large
increase in the Th1 response. The role of TLR2 signaling in the
induction of Th1 and Th2 cell development remains controversial.
TLR2 activation has been reported to lead to the initiation of both
Th1 and Th2 differentiation (15, 32, 33). It is likely that whether
TLR signaling activates the Th1 or the Th2 pathway depends on
the timing (relative to specific antigenic stimulation), dose, and
nature of TLR2 agonists and the genetic background of the re-
sponding hosts. In our model, although there is a mild increase in
Th1 cytokines, the levels do not appear to be high enough to ex-
acerbate AHR or increase the Th1-dominant IgG2a Ab subtype
(data not shown). Recent reports investigating the effect of TLR2
agonists in the sensitization phase and the effect of a TLR2/4 ag-
onist in the challenge phase of murine models of asthma have also
shown that TLR activation could lead to a beneficial decrease in
the Th2 phenotype, with a mild nondetrimental increase in the Th1
response (34, 35).

The effect of Pam3CSK4 was rapid. AHR attenuation was ev-
ident 24 h after i.p. administration. This was accompanied by a
rapid reduction in the serum IgE level, which was also reported by
other investigators (11). The mechanism of this rapid IgE reduc-
tion is unclear. However, it should be noted that the half-life of
rodent serum IgE can be as short as 12 h (36, 37). The i.p. route
used in our study was designed to influence the systemic immu-

nological response and to avoid a potential local proinflammatory
effect of Pam3CSK4 on other cell types, including macrophages,
neutrophils, mast cells, and NK cells. Indeed, we have found that
i.n. inoculation of Pam3CSK4 in our model consistently exacer-
bated AHR (data not shown). Experiments are currently being de-
signed to address the mechanism of the disease-exacerbating effect
of i.n. Pam3CSK4.

The enhancing effect of Pam3CSK4 on IL-10 production raised
the possibility that regulatory T cells may play a role in the ben-
eficial outcome of Pam3CSK4 treatment. Many investigators have
observed that the function of regulatory T cells (CD4�CD25�,
Tr1, and Th3) is dependent on IL-10 and TGF-� (23–26). It is also
known that regulatory T cells express TLRs, and their suppressive
function can be enhanced by TLR activation (38, 39). Using block-
ing Abs, we demonstrate in this study that the anti-inflammatory
effect of Pam3CSK4 is independent of IL-10 or TGF-�, and hence,
regulatory T cells are unlikely to play an important role in the
therapeutic effect of Pam3CSK4.

The beneficial effect of Pam3CSK4 and its mechanism of action
appear to be akin to those of the TLR9 agonist, CpG oligonucle-
otides. TLR9 activation also led to an increase in IL-12 production
by DCs and an enhancement of IFN-� synthesis by T cells, result-
ing in decreased Th2 cell differentiation and attenuated eosino-
philic airways inflammation (11). However, it has been reported
that CpG could enhance the risk of aggravation of autoimmune
disorder in immunocompetent hosts (40). Thus, TLR2 agonists,
such as synthetic Pam3CSK4, may represent additional and alter-
native potential reagents for controlling allergic diseases.
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FIGURE 5. Pam3CSK4 had no therapeutic effect in IL-12-deficient
mice. A, Wild-type or IL-12 KO mice were sensitized and challenged as
described in Fig. 1A. Pam3CSK4 was administered i.p. on day 27, 2 h after
the last i.n. OVA challenge. Pam3CSK4 had no effect on the eosinophilia
or IL-4 synthesis by lymphoid cells of IL-12 KO mice. IFN-� was not
detectable in the culture of cells from IL-12 KO mice. Data are the mean �
SEM of five mice. B, Histology examination of the lungs clearly demon-
strated that Pam3CSK4 did not prevent inflammatory cell infiltrations in
IL-12 KO mice. Data are representative of five mice per group.

FIGURE 6. Mice were sensitized and challenged as described in Fig.
1A. Some mice were injected i.p. with 1 mg of anti-IL-10R Ab (A), anti-
TGF-� Ab (B), or isotype-matched normal control IgG as indicated. The
Abs were given 2 h before the last i.n. OVA challenge on day 27.
Pam3CSK4 (100 �g/mouse) was injected i.p. 2 h after the challenge. Nei-
ther anti-IL-10R Ab nor anti-TGF-� Ab affected the therapeutic outcome
of Pam3CSK4 treatment. Data are the mean � SEM (n � 8).
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