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Summary
Background—High affinity IgE receptor (FcεRI) expression on blood dendritic cells reportedly
correlates with serum IgE levels. Our studies demonstrate that plasmacytoid dendritic cells (pDCs)
secrete pro-inflammatory cytokines (IL-6, TNF-α) following FcεRI stimulation – a mode of
activation that simultaneously reduces expression of Toll-like receptor 9 (TLR9). Whether or not
TLR9 and/or FcεRI levels and their function on dendritic cells relate to allergic status is unknown.

Objective—The aim of this study is to compare the innate (TLR9-mediated) immune response of
human plasmacytoid dendritic cells to TLR9 and FcεRIα receptor expression in allergic and
nonallergic subjects.

Methods—Basophil depleted mononuclear cell fractions containing pDCs were prepared from
peripheral blood of allergic and non-allergic subjects. Intracellular TLR9 and surface FcεRIα
expression in BDCA-2 positive cells were determined by flow cytometry. Activating anti-IgE
antibody, anti-FcεRIα antibody, and TLR9 agonist were used to stimulate cell suspensions, with
cytokine levels determined by ELISA.

Results—No difference in the frequency of pDCs was detected among allergic (n = 9) versus
nonallergic (n = 11) subjects (P = 0.261). While there was also no difference in baseline expression
of TLR9, pDCs from allergic subjects produced 6-fold less IFN-α when stimulated with CpG (P =
0.002). Conversely, there was higher FcεRIα expression (P = 0.01) on the pDCs of allergic subjects.

Conclusions—Impaired TLR9-dependent immune responses in human plasmacytoid dendritic
cells are associated with allergic status and inversely correlate with FcεRIα expression. This impaired
innate immune response among dendritic cells of allergic subjects may lead to more targeted
therapeutic approaches and could provide a better understanding of the mechanisms underlying
conventional and CpG-based immunotherapy.

Keywords
allergy; dendritic cells; IFN-α; plasmacytoid; TLR9; CpG-DNA; cytokines

Correspondence: Jody R. Tversky, M.D., Unit Office 2, The Johns Hopkins Asthma and Allergy Center, 5501 Hopkins Bayview Circle,
Baltimore, Maryland 21224, Phone (410) 550-2081, Facsimile (410) 550-2090, Email E-mail: Jodytversky@yahoo.com.
The authors of this study have no conflicts of interest to declare.

NIH Public Access
Author Manuscript
Clin Exp Allergy. Author manuscript; available in PMC 2009 July 9.

Published in final edited form as:
Clin Exp Allergy. 2008 May ; 38(5): 781–788. doi:10.1111/j.1365-2222.2008.02954.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



INTRODUCTION
Plasmacytoid dendritic cells (pDCs) are essential components of innate immunity and are
increasingly recognized for their capacity to alter antigen driven T-cell responses. While the
frequency of pDCs (designated CD123+, CD303+, CD11c−) are normally less than 0.4% of
peripheral blood mononuclear cells (PBMC) they are the dominant source of type I interferons,
particularly in response to TLR9 agonists such as CpG [1,2].

The ability and inability of pDCs to produce interferon has been linked with certain viral
infections and possibly asthma, respectively [3–5]. An imbalance of interferon production from
DCs has also been associated with autoimmune diseases such as systemic lupus erythematosus
(SLE), atherosclerotic plaque complications and the proliferation of psoriasis [6–8]. In the case
of allergic inflammation, however, the role of the pDC and its capacity to secrete interferon
needs further clarification.

Studies have shown that pDCs express the high affinity IgE receptor (FcεRI) [9] but its function
has not been fully established in this cell type. Our laboratory previously reported that in pDCs,
TLR9 and FcεRI mediated responses oppose one another in vitro [10,11]. TLR9 responses
down-regulate FcεRI receptor expression. Conversely, pretreatment of pDCs with IgE receptor
stimulation results in a reduction in TLR9 expression and ultimately a reduced capacity to
secrete IFN-α. These findings indicate that cross-regulatory mechanisms may exist between
innate (TLR9) and adaptive (FcεRI) immune receptors co-expressed on pDCs. It has not yet
been established whether there is a clinical correlate to these in vitro findings. For example,
are pDCs from atopic subjects phenotypically and/or functionally different from those of non-
atopic individuals?

In the present study we address this question by analyzing pDCs from atopic and nonatopic
individuals. As anticipated, FcεRI levels on pDCs track well with allergic status and serum
IgE levels. In contrast, pDCs from allergic individuals produce comparatively less IFN-α upon
activation with CpG-DNA (a TLR9 specific ligand). Our data show that this impaired innate
immune response is not a result of reduced pDC frequencies or to the absence of TLR9, but is
inversely related to FcεRI expression.

While the relationship of FcεRI expression and TLR9 function in pDCs are indicative of
allergic disease, they could more importantly help to further illuminate the central role that
pDCs play in orchestrating innate versus adaptive immune responses. With the advent of
targeted TLR9/CpG-based immunotherapy, understanding the mechanism of this axis becomes
more crucial [12].

METHODS
Subjects

Twenty volunteer subjects aged 21 to 64 living in the Baltimore-Washington metropolitan area
consented to participation in this study. A detailed allergic history identified ten individuals
with symptoms of chronic seasonal and perennial rhinitis and in some cases additional food
allergy related symptoms and/or asthma in recent months. An IRB approved protocol for
venipuncture was then performed. Subjects with a history of allergic symptoms and a positive
multi-allergen screen (described below) were defined as allergic.

Serum IgE measurement
Plasma was collected with EDTA and stored at −20°C. Total IgE and multi-allergen screen
(Phadiatop) were measured by the Johns Hopkins University Dermatology Allergy and Clinical
Immunology Reference Laboratory using a fluorescent-based enzyme immunoassay (FEIA)
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that was performed on the ImmunoCAP 250 (Phadia, Kalamazoo, MI). The multiallergen
screen is a single analytical measurement which detects IgE antibody specific for any of ~15
common aeroallergens that are known to induce the majority of aeroallergen related allergic
disease (a negative result was defined as <0.35kIU/L).

Special Reagents and Buffers
The following reagents were purchased: crystallized human serum albumin (Calbiochem-
Behring Corp, La Jolla, CA); PIPES, fetal calf serum (FCS), and crystallized BSA (Sigma
Chemical Co, St Louis, MO); gentamicin, IMDM and nonessential amino acids (Life
Technologies, Inc, Grand Island, NY); Percoll (Pharmacia Biotec, Inc, Piscataway, NJ).
Phycoerytherin (PE)-labeled antibodies to human TLR9 (eBioscience, San Diego, CA),
antihuman FcεRIα monoclonal antibody (eBioscience) conjugated with allophycocyanin
(APC) or PE and relevant rat IgG1 isotype controls were used for flow cytometry and cell
activation (eBioscience, San Diego, CA). Use of polyclonal goat anti-human IgE for
stimulation and preparation of PIPES-albumin-glucose (PAG) and isotonic percoll has been
described elsewhere [10]. Conditioned medium (C-IMDM) consisted of IMDM supplemented
with 5% heat-inactivated (56°C for 30 minutes) FCS, 1x nonessential amino acids, and 10
μg/mL gentamicin. Western blot buffers were prepared according to manufacturer
recommendations (Invitrogen, Carlsbad, CA).

Cell preparation
Blood specimens were processed as previously described [13]. Briefly, whole blood in 10mM
EDTA underwent centrifugation at 500xg to isolate a buffy coat. Buffy coats were diluted 1:1
(vol/vol) with PAG-EDTA and then subjected to double-Percoll (1.075/1.081 g/mL) density
centrifugation. This produced both a basophil-depleted cell (BDC) suspension (containing
mostly mononuclear cells and platelets) and a basophil-enriched cell (BEC) suspension.
Platelets were removed from the BDC suspension using four low-speed (100xg)
centrifugations. In some circumstances (see Western blot section) pDCs were purified from
the BDC suspensions using blood dendritic cell antigen (BDCA)-4 positive selection (Miltenyi
Corp, Auburn, CA). An analysis of pDC suspensions prepared in this manner indicated >95%
purity, as determined by BDCA-2 staining.

Culture conditions
To prevent any potential excessive manipulation associated with purifying pDCs from a limited
volume of blood, BDC fractions were used for culture rather than purified pDC suspensions.
These BDC fractions were cultured at 5×106/ml in C-IMDM containing 5% FCS. Specifically,
1.25×106 BDCs were added to 96-well plates (0.125 mL per well). After incubating for 15
minutes to equilibrate to 37°C and 5% CO2, an equal volume of stimulus or C-IMDM was
added to duplicate cultures. The following stimuli were used for separate culture conditions in
each subject, with optimal concentrations having been pre-determined: anti-FcεRI at 1:167
(75ng/mL), goat polyclonal anti-human IgE (3μg/mL), CpG ODN-2216 of the type A class
(100nM), IL-3 (1ng/mL)), or CpG plus IL-3 (100nM and 1ng/mL respectively). After a 16-
hour incubation period, supernatants were isolated and frozen at −70°C and ultimately assayed
for cytokines by ELISA.

Cytokine measurement
TNF-α, and IL-6 protein levels in culture supernatants were determined using commercial
ELISA kits (eBioscience, San, Diego, CA). IFN-α measurements were performed with an in-
house assay [10], using mouse monoclonal anti-human IFN-α (clone MMHA-2 at 2.5 μg/mL)
as the capture antibody and rabbit polyclonal anti-human IFN-α (250 ng/mL) as the detection
antibody (PBL Biomedical Laboratories, Piscataway, NJ). Detection of the rabbit anti- IFN-
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α was achieved using goat anti-rabbit/HRP-conjugate at a 1:1000 dilution (R&D, Minneapolis,
MN). Human recombinant IFN-α (Biosource) was used for assay standardization.

Flow cytometric analysis
A portion of each BDC suspension (5×106 cells) was fixed in 4% buffered paraformaldehyde
and stored at −70°C in 10% DMSO for flow cytometry. pDCs staining positive for
BDCA-2+ (CD303) were further analyzed for FcεRIα and intracellular TLR9 (CD289) with
APC- or PE-conjugated antibodies and appropriate isotype controls using methods previously
described [10]. Flow cytometry was performed using a FACSCalibur instrument. Histograms
were prepared using FlowJo software (Tree Star Inc., Ashland, OR).

Western blot
Whole cell lysates were prepared using 5×105 purified pDCs. Samples were immediately
boiled for five minutes in 45μL Tris-Glycine SDS buffer (Invitrogen, Carlsbad, CA) and stored
at −70°C for future analysis. Protein from 2–5×105 pDCs or 15μL SeeBlue ladder (Invitrogen)
was electrophoresed on a 10% Tris-Glycine gel (Invitrogen, Carlsbad, CA). After transfer to
a nitrocellulose membrane (Trans-Blot, Biorad) the blots were incubated with PE conjugated
monoclonal anti-human TLR9 (eBioscience) at 0.2μg/mL in 3% NFM overnight at −4°C. Blots
were then incubated with a goat anti-rat IgG HRP antibody (Amersham Bioscience,
Buckinghamshire, UK) for 45 minutes before developing. Membranes were re-probed for the
p85 subunit of phosphatidylinositol 3-kinase for normalization of protein loading.

Statistics
Data are presented as mean ±SEM unless otherwise indicated. Statistical analysis was
performed with InStat software (GraphPad, San Diego, CA) by a two-tailed nonparametric
Mann-Whitney test unless otherwise stated. A linear regression or Spearman Rank formula
was used to calculate correlations as indicated. P values ≤ 0.05 were considered significant.

RESULTS
Subject characteristics

To evaluate the innate immune response of pDCs in atopic disease eleven non-allergic and
nine allergic subjects were analyzed with baseline characteristics shown in Table I. The multi-
allergen IgE antibody assay (P < 0.001) and serum IgE levels (P = 0.012) were statistically
elevated in the atopic group. One subject had a convincing atopic history but was reassigned
to the non-allergic group as a result of a negative multi-allergen screen. No subjects with a
negative history tested positive on multi-allergen screen. Seven of nine subjects defined as
allergic and one of the non-allergic subjects commented on using antihistamines and/or topical
nasal steroids routinely in the past year. There was no significant difference in age or gender
in the two groups (P = 0.224 and 0.331 respectively).

FcεRIα expression on pDCs correlates with serum IgE
We first used flow cytometry to assess the frequency of pDCs within the basophildepleted
mononuclear cell suspension and to determine the relative expression of FcεRIα found on this
DC subtype. Figure 1A shows a representative plot from an allergic individual highlighting
the side and forward scatter properties for the area of cells gated for BDCA-2+ pDCs. Overall,
there were no significant differences in the frequency of pDCs detected among the BDC
suspensions prepared from allergic (0.46±.05) vs. non-allergic (0.37±.07) subjects (P = 0.261).
Figure 1B shows a representative scatter plot demonstrating the staining for FcεRIα co-
expressed on these BDCA-2+ pDCs. In agreement with Foster et al. (9), we too observed that
FcεRIα expression significantly correlates with serum IgE levels (P < 0.0001) (Figure 1C).

Tversky et al. Page 4

Clin Exp Allergy. Author manuscript; available in PMC 2009 July 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Repeating the linear regression analysis for the independent non-atopic and allergic groups,
the correlation values remain significant (P = 0.0003 and 0.0176 respectively), although the
latter generally expressed more FcεRIα. The net median florescence intensity (net MFI) of
FcεRIα on pDCs among the non-allergic subjects averaged 21.8±6.5 (n = 11), while that for
the allergic group was 38.4±7.5 (n = 9, P = 0.009). While staining for alcian-blue cells indicated
that these BDC suspensions were devoid of basophils (data not shown), a BDCA2−FcεRIα+

population was detected among these mixed leukocytes (Fig. 1B). Although not formally
investigated, this population most likely represents a subset of monocytes and/or mDC, both
of which are reported to express FcεRI.

Baseline TLR9 receptor expression is similar among allergic and non-allergic subjects
Of the cells that expressed BDCA-2+, >99% also stained for TLR9, as indicated by the
representative scatter plot from an allergic individual shown in Fig. 2B. However, there was
no significant difference in the overall intracellular TLR9 receptor expression detected between
the two groups, as shown in Fig. 2C. The net MFI for TLR9 expression was 25.2±3.4 for
nonallergics and 22.3±1.6 for allergics (P = 0.456). Similarly, there was no difference in the
frequency of cells staining for TLR9 among groups (P = 0.175, see Table II). It is important
to note that virtually no staining of TLR9 was detected in the BDCA-2− cell population gated
for analysis (Fig 2B). A summary of the TLR9 and FcεRIα receptor expression data along with
the frequency of BDCA-2+ cells is presented in Table II.

To help confirm the flow cytometry data as a method of detecting intracellular TLR9, Western
blot analysis for TLR9 expression was performed using purified pDCs isolated from 6 of the
20 subjects (3 atopic and 3 non-atopic) with the data presented in Figure 3. A representative
blot shows the presence of a single band (~120kd) that was identified using whole cell lysates
of pure pDC suspensions (Fig 3A). These bands were each compared to the corresponding
band for p85 (i.e. subunit of PI3 Kinase) to normalize for protein loading (Fig 3B). Although
not powered for statistical analysis, densitometry measurements indicated no apparent
differences in TLR9 expression levels among the 3 atopic and 3 non-atopic subjects (Fig 3C).
This is consistent with the flow cytometry results.

Impaired innate immune function of dendritic cells in allergic subjects
CpG-induced IFN-α production is a pDC specific response. Furthermore, the type A 2216 CpG
oligo used for stimulation is a particularly potent stimulus for this cell. Therefore, impaired
IFN-α production from these cells would indicate a significant derangement in the typical pDC
innate response. As shown in Fig. 4, we found that IFN-α production from pDCs stimulated
with the 2216 CpG oligo was 6-fold higher in non-allergic subjects as determined by ELISA
(P = 0.002). The IFN-α results are normalized to the frequency of pDCs in these BDC
suspensions, but were also significantly different between the two groups when comparing the
actual levels measured (P = 0.03). As noted above, there was no difference in the expression
of TLR9 or BDCA-2+ that could possibly account for this finding (Table II). There was,
however, an inverse correlation (P = 0.052) of IFN-α production and FcεRI receptor expression
on pDCs combined from both allergic and non-allergic individuals (Fig 5). This trend might
be expected given our previously reported data that correlates IFN-α production with FcεRI
down-regulation in vitro [10]. Baseline levels of IFN-α measured from pDCs that were not
stimulated with CpG were undetectable in both groups (data not shown).

IgE receptor mediated responses in unfractionated cells
It is worth noting that the FcεRI-dependent responses among the unfractionated BDC
suspensions were increased in cells from the atopic group, and that this adaptive immune
response inversely correlated with pDC specific IFN-α production. Thus, as innate immune
function decreased in these cells, the adaptive immune response among unfractionated cells
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became more robust. Although not the primary focus of this report, we initially examined FceRI
responses (IL-6 and TNF-α) in these cells as a positive control to ensure that adaptive immune
function remained intact despite impaired innate immune function.

As shown in Figure 6A, IL-6 responses were significantly greater in atopic individuals (P =
0.02). Intracellular cytokine analysis by flow cytometry revealed that the source of IL-6 came
from pDCs but also from cells other than pDCs such as monocytes and mDCs (data not shown).
Figure 6B demonstrates an inverse correlation between IL-6 and IFN-α production from all
subjects (P = 0.007). As expected IgE crosslinking did not produce detectable levels of IFN-
α.Stimulation with CpG produced IL-6 levels 2-fold higher than baseline in both allergic and
nonallergic subjects (P = 0.033) but was substantially less (~10 fold) when compared to
FcεRI dependent activation.

DISCUSSION
Our data are consistent with the mounting evidence that plasmacytoid dendritic cells lie at an
important immune axis orchestrating IFN-α associated Th1-like responses via innate immune
receptors (TLR9) as well as FcεRI adaptive immune receptor operation and expression on these
cells [14,15]. We also observed an inverse relationship of IFN-α production to FcεRI-
dependent mononuclear cell production of IL-6. When viewed in the context of our previously
reported in vitro data [10], these inverse relationships portend a link between innate and
adaptive immunity in the pDC. The impaired IFN-α production seen in allergic subjects may
signify a critical dysregulation of this immune axis.

Bufe and Gehlhar et al. have previously shown that virally stimulated PBMC from asthmatic
adults and children produce lower levels of IFN-α compared to non-asthmatics [4,16]. Given
what is known regarding this mode of stimulation with virus, these data suggest potential
deficiencies in pDC numbers and/or reduced TLR9-dependent signaling. However, neither
possibility was explored in these asthmatic subjects. Our data obtained from subjects with
allergic rhinitis are consistent with these findings. More importantly, our study further
illustrates that the observed decrease in IFN-α production is not due to reduced TLR9
expression, nor is it a result of reduced pDC frequencies among the allergic subjects.

IFN-α is a cytokine predominantly produced by pDCs, particularly in response to CpG (and
viral RNA) and therefore observed levels are considered specific for this cell type [17].
However, the basophil-depleted cell fractions (BDC) used for cultures also contain mDCs (and
other mononuclear cells) both of which produce IL-6 and TNF-α in response to FcεRI
stimulation in a manner similar to pDCs (JTS, unpublished data). We chose to use fresh
unfractionated cell suspensions for our cultures rather than purified pDCs to limit potential
manipulation associated with the purification process. While binding of blood dendritic cell
antigen (BDCA)-4 or BDCA-2 is often utilized for purification, it has been suggested that
BDCA-2 and perhaps BDCA-4 ligation may in fact suppress induction of interferon production
from pDCs [18]. While our approach was appropriate for IFN-α measurements, it did not allow
for determination of the relative contribution of TNF-α and IL-6 secretion by either DC subtype.
We therefore, accepted the likelihood that both pDC and mDC subtypes contribute to the
production of IL-6 and TNF-α. Intracellular flow cytometry performed on stimulated BDC
suspensions indicate that this is indeed the case. Nonetheless, the secreted IL-6 response
observed in the unfractionated cell suspensions does serve as a surrogate marker of intact
FcεRI-dependent adaptive immune responses in the general mononuclear cell suspension that
includes pDCs. This increased adaptive immune response in allergic subjects may not be unique
to pDCs. Noga et al. have recently reported a similar phenomenon in monocyte derived DCs
whereby dendritic cells from allergic subjects stimulated with neurotrophins secrete more IL-6
and less IL-10 as compared to non-allergics [19].
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We found that FcεRI receptor expression on pDCs correlates with serum IgE levels confirming
the work of Foster et al [9]. We additionally found that FcεRI receptor expression inversely
correlates with IFN-α production. It seems plausible that FcεRI density and/or interactions
mediated through this adaptive immune receptor ultimately play a role in regulating the TLR9
mediated response. This concept was first suggested by experiments showing that IgE cross-
linking inhibits TLR9-dependent IFN-α generation [10,20]. More recent data have
substantiated these observations, with evidence that an innate immune receptor found on pDCs,
ILT7, interacts with the γ subunit of FcεRI to further inhibit TLR mediated IFN-α production
[21]. Assuming the hypothesis that IgE/FcεRI interactions suppress specific innate immune
functions in pDCs is correct, it will be important to observe whether depleting IgE (perhaps
using omalizumab) will correct such deficiencies.

The finding that IFN-α secretion induced by CpG did not correlate with TLR9 expression is
particularly intriguing. Based on our previous in vitro observations that FcεRI cross-linking
reduces TLR9 expression, we considered that pDCs from allergic subjects might be deficient
in TLR9 [10]. However, this was not the case. This finding suggests that in our allergic cohort
the level of IgE cross-linking that theoretically occurs from ambient exposure of allergens
found in the environment is not sufficient to down regulate TLR9 in circulating pDCs. Instead,
the phenomenon could be a transient event. Perhaps if pDCs were to be procured shortly after
subjects are exposed to allergen (e.g. during peak ragweed season or following experimental
challenge) or recovered from an allergic reaction site, a decrease in TLR9 would be evident in
these cells. Alternatively, recent data indicate that downstream signaling elements such as
IRF-7, osteopontin, and HMGB1 may all be required for TLR9 mediated IFN-α gene activation
in pDCs [22–25]. A deficiency in any one of these components could theoretically impair IFN-
α production in circulating pDCs of allergic subjects independently of TLR9 expression. Future
studies are needed to address these hypotheses.

Recently, Creticos et al. presented a novel approach to immunotherapy using a vaccine
consisting of the primary allergen in ragweed (Amb a 1) linked to a CpG-DNA motif [12].
Thus, pDCs must be viewed as a primary cell target for this vaccine by the mere fact that they
express TLR9. While pDCs from the non-allergic subjects in our current study generated
prodigious amounts of IFN-α via CpG activation, pDCs from allergic subjects demonstrated
impaired production of IFN-α. It will be important to investigate whether allergic individuals
treated with this CpG-conjugated vaccine become better producers of IFN-α. More work is
needed to elucidate the mechanism of CpG-based immunotherapy but it is clear that pDCs
should be the focus of these investigations.

Our data demonstrate that the impaired innate immune response of plasmacytoid dendritic cells
stimulated with CpG correlates with allergic status and inversely correlates with adaptive
immune receptor expression on these cells. These relationships may highlight key signals
governing the Th1/Th2 axis associated with immune tolerance. The pDC is central to this
immune axis as is further illustrated by the fact that clinically effective CpG-conjugated
immunotherapy exploits the ability of the pDC to simultaneously detect FcεRI and TLR9
dependent stimuli.
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FIG 1.
A, Representative flow cytometric data showing side and forward scatter of BDC suspensions
and the area gated for analysis of pDCs. B, Representative staining of FcεRIα co-expressed on
BDCA−2+ cells (i.e. pDCs) from an atopic individual. C, Serum IgE levels expressed in kU/
mL combined from non-allergic (n = 11) and allergic (n = 9) subjects correlate with net median
fluorescence intensity (net MFI) of FcεRIα. A linear regression (solid line) is plotted with 95%
confidence intervals (dotted line). The correlation coefficient (r) for the plot is 0.786 and is
highly statistically significant (P < 0.0001).
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FIG 2.
A, Representative flow cytometric data from BDC suspensions are shown in a scatter plot with
the indicated area gated for analysis of intracellular TLR9 expression in pDCs. B, A plot from
a representative atopic individual indicating that virtually all BDCA−2+ cells (pDC) coexpress
intracellular TLR9. C, Bar graph showing the averaged net MFI ±SEM for TLR9 expressed
in non-allergic (n=11) vs. allergic (n=9) subjects, with no significant differences detected
(P=0.456).
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FIG 3.
A, Representative Western blot using whole cell lysates of pure pDCs from three allergic
(indicated by the letter A) and three non-allergic subjects (N), with each revealing a distinct
band at 120kD after staining with monoclonal antibody to human TLR9. B, Membranes were
reprobed with p85 for normalization of protein loading and subsequent TLR9 density
calculations. C, Mean protein densitometry expressed as TLR9/p85 for allergic (n = 3) and
non-allergic (n = 3) subjects reveals no apparent difference in protein expression.
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FIG 4.
Individual IFN-α cytokine measurements in BDC suspensions stimulated with CpG-DNA from
non-allergic (n = 11) and allergic (n = 9) subjects as determined by ELISA. IFN-α values are
plotted as pg/106 BDCA-2+ cells (pDC), with pDC frequency determined by flow cytometry.
Averaged results show that IFN-α levels are 6-fold higher in non-allergic subjects compared
to allergics (P = 0.002). * Indicates significance.
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FIG 5.
IFN-α production from pDCs of allergic (n = 9) and non-allergic (n = 11) subjects is plotted
against FcεRI receptor expression on these cells. A strong trend (P = 0.052) is noted indicating
an inverse correlation using data from the combined groups.
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FIG 6.
A, IL-6 production from basophil depleted cell suspensions (BDC) obtained from allergic (n
= 9) and non-allergic subjects (n = 11) stimulated with anti-human FcεRI antibody. Allergic
subjects produce approximately 2 fold higher levels of IL-6 (P = 0.02). B, IL-6 production is
compared to IFN-α from BDC suspensions obtained from allergic and non-allergic subjects.
An inverse correlation is noted (P = 0.007) indicating that impaired innate immune function
is associated with a robust adaptive immune response in these cells.
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Table I
Participant baseline characteristics

Characteristic Non-Allergic (n = 11) Allergic (n = 9) P value

Age† 36.5 (±3.5) 30.9 (±1.7) 0.224

Male:Female 2:9 4:5 0.331

Allergic symptoms 1/11 9/9 < 0.001*

Serum IgE (kU/ml) † 61.4 (±26.3) 223 (±71.3) 0.012*

Multi-allergen screen† 0.36 (±0.01) 25.1 (±9.5) < 0.001*

Medication use 1/11 7/9 0.010*

*
considered significant

†
mean results ±SEM
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Table II
Flow cytometric analysis of FcεRI and TLR9 expression in BDCA-2+ dendritic cells†

Measurement Non-Allergic (n = 11) Allergic (n = 9) P value

BDCA-2+ frequency 0.371(±0.07) 0.46 (±0.05) 0.261

TLR9 frequency 0.35 (±0.07) 0.48 (±0.08) 0.175

TLR9 ΔMFI† 25.26 (±3.4) 22.32 (±1.6) 0.456

FcεRIα ΔMFI† 21.8 (±6.5) 38.4 (±7.5) 0.009*

*
considered significant

†
average of median values of net MFI ±SEM
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