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Abstract

Although routinely used in clinical practice, skin prick tests and serum specific IgE often fail to distinguish between IgE-
sensitization and symptomatic IgE-mediated allergy. There is therefore a need for new laboratory tests relating allergic symptoms to
the offending agent. In this way, we evaluated the diagnostic reliability of a new whole blood quantitative real-time PCR assay for
IL-4 and IL-13 mRNAs. We compared the response of cat allergic patients and non-cat allergic controls upon anti-IgE and cat
allergen (Fel dI) stimulation of whole blood. Allergen addition led to a significant increase of IL-4 and IL-13 mRNAs in allergic
patients compared to non-allergic controls (p < 0.0001). Both cytokine mRNA levels were strongly correlated and peaked within
2 h after Fel dI or anti-IgE addition. This rapid increase as well as purification experiments led us to the conclusion that basophils
represent an important if not the main source of both transcripts in this setting. The effect was allergen-specific since not observed
when stimulating blood from cat allergic patients with birch pollen. Interestingly, we found that IFN-y mRNA, contrary to IL-4
mRNA, reached higher levels in response to Fel dI with control individuals than with patients allergic to cat.

This study shows that whole blood real-time PCR is a valuable method for IL-4 and IL-13 mRNA measurement after in vitro
allergen challenge. We suggest that it might be useful, complementing conventional markers, for the diagnosis and the follow-up of
allergic diseases. Further assessments are required to evaluate the clinical potential of this technique.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The prevalence of atopic disease has been increasing
for the last decades in the Western World, becoming
a major problem of public health. However, the
diagnosis of allergic status remains a challenging area.
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Indeed, the procedures routinely used in clinical practice
(i.e. skin testing and detection of serum IgE) do not
allow a clear distinction between non-symptomatic IgE-
sensitization and symptomatic IgE-mediated allergy
although cut-off values for specific IgE levels have
been determined for a few allergens [1]. Therefore new
laboratory based diagnostic tests allowing the clear
identification of the offending allergen are still required.
Several functional tests focusing on basophils, which
play a key role in IgE-mediated reactions, have been
developed. The detection of mediator release (histamine,
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leukotrienes) and cell activation markers (expression of
CD63, up-regulation of CD203c) upon stimulation with
allergens has been proved to be useful in selected cases
[2]. As Th2 cytokines are potent actors of the atopic
process, the quantification of their synthesis could be
another valuable approach to investigate the response
to an allergen. However, most experiments focusing
on Th2 cytokine production have been performed
on purified cells. To avoid such a time-consuming
procedure, we developed a convenient quantitative
real-time PCR test performed on whole blood. In the
present study, we evaluated the diagnostic reliability
of this quantitative real-time PCR assay for two Th2
cytokine mRNAs, I1L-4 and IL-13, in patients selected
on a clinical basis and characterized by skin tests and
specific IgE measurement. IL-4 and IL-13 were
analyzed because they can also be produced by the
basophils, and the cat allergy model was selected
because the relationship between symptoms and
allergen exposure is clearly identified.

2. Results
2.1. Real-time PCR on whole blood
Preliminary experiments showed that Fel dI induced

a rapid and transient increase of IL-4 mRNA levels,
peaking 1 h after allergen addition and coming back to

A

basal levels 8 h after (Fig. 1). This effect was maximal at
the 10 pg/ml Fel dI concentration. We thus compared
IL-4 mRNA levels obtained 1h after 10 pg/ml Fel dl
addition with blood samples from cat allergic patients to
blood samples from non-cat allergic controls. A basal
production of IL-4 mRNA was found at time 0 in
the same proportion between atopic and controls
(p = 0.4119). IL-4 mRNA levels upon Fel dI stimulation,
expressed as mRNA copy numbers normalized against
B-actin and related to spontancous levels, were signifi-
cantly higher in cat allergic patients (CN of 91.2 + 43.3)
compared to controls (4.1 £+ 0.8) (p < 0.0001). This
effect was allergen dependent, as no significant difference
was observed following anti-IgE stimulation (Fig. 2).

2.2. Reproducibility and specificity of the
real-time PCR assay

The reproducibility of this real-time PCR technique
was evaluated by repeating the complete procedure 15
times. More precisely, 15 aliquots of whole blood from
one cat allergic patient were cultured in the presence of
10 pg/ml Fel di for 1h; two additional aliquots being
directly subjected to lysis to allow the CN calculation.
After correction according to B-actin mRNA, the CN
were calculated relatively to the non-stimulated whole
blood at time 0 (mean of the two aliquots), giving
an intra-run coefficient of variation (CV) of 11.7%. In
order to further evaluate the intra-individual variability,
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Fig. 1. Kinetics of IL-4 mRNA. Anti-IgE stimulated whole blood from (A) four cat allergic patients and (B) four controls; Fe/ dI stimulated whole
blood from (C) four cat allergic patients and (D) four controls. IL-4 mRNA levels are expressed in relative copy numbers normalized against B-actin

mRNA.
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Fig. 2. Real-time PCR analysis for IL-4 mRNA after anti-IgE or Fel dI
(10 pg/ml) stimulation of whole blood from cat allergic patients
and controls. IL-4 mRNA are expressed in relative copy numbers
normalized against B-actin mRNA. Bars indicate the mean.

two blood samples from six cat allergic patients were
collected approximately at one year of interval. Whole
blood stimulation by Fel dI revealed variable levels
of IL-4 mRNA (Table 2), probably depending on the
allergic status of the patient at the time of blood
collection, but always higher than the levels found with
the controls.

The antigen specificity of the cytokine response
was evaluated by repeating the experiments with birch
extract. Adequate experimental conditions to analyze
birch allergy were preliminarily determined using blood
from patients allergic to birch (data not shown). Blood
from five patients allergic to cat but not to birch were
challenged with this “non-relevant” allergen. The in-
duction of IL-4 mRNA was clearly observed after
allergen-specific activation (Fel dI) but not after birch
extract challenge (Fig. 3).

2.3. IL-4 mRNA is increased in basophils

The rapid induction of IL-4 mRNA (i.e. peaking
at 1 h) after allergen addition and the similar kinetic
observed after Fel/ dI and anti-IgE addition (Fig. 1)
suggested that the transcript was enhanced in basophils.
Basophil purification and depletion experiments indeed
confirmed that these cells represent an important source
of IL-4 mRNA in this setting (Fig. 4).

2.4. Correlation between IL-4 and IL-13 mRNA
levels on whole blood

Similar experiments performed for IL-13 mRNA
quantification revealed similar kinetic pattern compared
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Fig. 3. Comparison of IL-4 mRNA response after anti-IgE, Fel dI or
Birch extract stimulation in five patients allergic to cat but not allergic
to birch. IL-4 mRNA is expressed in relative copy numbers normalized
against B-actin mRNA. Bars indicate the mean.

to IL-4 mRNA, with a slightly delayed maximal increase
(peak was at 2 h) and more sustained levels after 8 h
of stimulation (Fig. 5). Moreover, IL-13 mRNA levels
in response to Fel dl were also significantly higher
with allergic patients compared to controls (CN of
3157 + 990 and 265 + 68 respectively, p < 0.0001). In
fact, IL-13 and IL-4 mRNAs increased together as
shown by a significant correlation analysis between the
two transcript levels (r = 0.91, p < 0.0001) (Fig. 6).
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Fig. 4. IL-4 mRNA is increased mainly in basophils after Fel di
stimulation. IL-4 mRNA quantification was performed, after Fel dl
stimulation, on different fractions (whole blood, PBMC, basophil-
depleted PBMC and enriched basophils) obtained from cat allergic
patients. A representative experiment out of three is shown. Results are
expressed as mRNA CN corrected to non-stimulated whole blood at
time 0.
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Fig. 5. Kinetics of IL-13 mRNA after anti Fel dI-stimulated whole
blood from two cat allergic patients. IL-13 mRNA is expressed in
absolute copy numbers per million of B-actin mRNA copies.

2.5. Real-time PCR for IFN-y mRNA

We further evaluated the cytokines response by
analyzing IFN-y mRNA levels in similar conditions.
Time course experiments revealed that maximal re-
sponse to Fel dI was delayed, compared to the response
observed for IL-4 and IL-13 mRNAs. Peak of IFN-y
mRNA indeed appeared after 8h of stimulation.
Furthermore, anti-IgE stimulation had no effect on
IFN-y production, while specific allergen stimulation
led to higher IFN-y mRNA levels with the healthy
controls (456.2 + 190.5) compared to patients allergic to
cat (56.2 £ 18.9) (p = 0.005) (Fig. 7).
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Fig. 6. Relationship between IL-4 and IL-13 mRNA levels following,
respectively, 1 h and 2 h Fel dI (10 pg/ml) stimulation. mRNAs are
expressed in absolute copy numbers per million of B-actin mRNA
copies.

3. Discussion

Current procedures used to support the clinical
diagnosis of allergy (i.e. skin testing and serum IgE
measurement) document IgE-sensitization rather than
actual allergic status. Since basophils and mastocytes
are the main effector cells responsible for release of
mediators that ultimately trigger allergic symptoms,
newer techniques have focused on in vitro basophil
activation upon allergen challenge [2]. Basophil activa-
tion also lead to synthesis of Th2 cytokines that play
a key role in the regulation of the allergic response. In
the present study we evaluated the diagnostic reliability
of a new real-time PCR for IL-4 and IL-13 mRNAs
quantification after whole blood allergen challenge.
Because of its ability to accurately quantify low levels
of mRNA, real-time PCR represents a sensitive tech-
nique to monitor immune response. Notably, it has
successfully been applied to evaluate cancer immuno-
therapy [4] and to monitor graft acceptance/rejection
and GVHD in transplantation [5,6]. The technique used
in this study, i.e. in vitro monitoring of immune
response on whole blood using real-time PCR, was first
reported for bacterial antigens [7]. Recently, Kruger
et al. used a similar approach to demonstrate, between
atopic and non-atopic individuals, different steady state
levels of TL-1B and IL-8 mRNAs after mould extracts
stimulation of blood [8]. Performing real-time PCR on
whole blood provides several advantages: first, it avoids
time-consuming cell cultures; second, there is no need to
purify PBMC or basophils, this step being able to either
non-specifically activate the cells or modulate cytokine
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Fig. 7. Real-time PCR analysis for IFN-y mRNA after anti-IgE or
Fel dl stimulation of whole blood from cat allergic patients and
controls. IFN-y mRNA is expressed as copy numbers after stimulation
referred to non-stimulated conditions at time 0, all normalized against
B-actin mRNA. Bars indicate the mean.
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mRNA levels [9,10] and finally, it allows the use of very
small blood volumes.

By using this method, we demonstrated that chal-
lenging blood from cat allergic patients with the relevant
antigen (i.e. Fel dI) led to a rapid and strong induction
of IL-4 and IL-13 mRNAs. These two transcripts were
indeed detected at significantly higher levels in cat
allergic patients compared to healthy controls. This up-
regulation was antigen-specific, since no up-regulation
was observed when stimulating blood from cat allergic
patients with birch pollen extract.

Despite the presence of T lymphocytes, basophils did
appear to be also an important source of IL-4 mRNA
detected in the Fel/ dI stimulated blood from cat allergic
patients. Indeed, maximal IL-4 mRNA Ievels occurred
as early as 1 h after allergen or anti-IgE challenge, which
fits with the kinetic of antigen-induced IL-4 release by
basophils (30 min to 4 h) and not with that of T cells (i.e.
12—16 h) [11,12]. Furthermore, despite a 30:1 ratio
between T cells and basophils among PBMC, basophils
have been shown to be responsible for at least 80% of IL-4
production [13]. Finally, the important contribution of
basophils to IL-4 mRNA up-regulation following Fel di
addition is confirmed by our experiments on purified
basophils and basophil-depleted PBMC. We thus de-
scribe here a technique that analyzes the ability of
circulating basophils to respond specifically to an allergen
which is therefore probably more representative of the in
vivo status than classical specific serum IgE detection.

Real-time PCR quantification of IL-4 mRNA after
allergen stimulation has yet been described [14,15], also
demonstrating basal levels and allergen up-regulation of
IL-4 mRNA, but in a lesser extent. This difference may
results from the use of PBMC for stimulation experi-
ments rather than whole blood and from a longer
incubation time (24—96 h), suggesting a substantial
contribution of T lymphocytes in IL-4 mRNA pro-
duction. As far as T cell response is concerned, we also
demonstrated an increase of IFN-y mRNA after Fel dl
addition to blood. Interestingly, the amplitude of this
response was dramatically higher with healthy controls
compared to cat allergic patients. In effect, the ratio
[(IL-4 mRNA/IFN-y mRNA) X 100] ranged from 16 to
243 for allergic patients versus 0.06—2.4 for the controls.
These results suggest that allergen specific response
is in favor of IL-4 mRNA production in cat allergic
patients and of IFN-v in controls, what is in accordance
with previously published data. Indeed, Teramoto et al.
demonstrated a defection of IFN-y production by Thl-
like cells from atopic patients upon treatment with
mitogens, which was associated with elevated serum IgE
[16]. In the same vein, in a model of rhinitis to grass
pollen, non-atopic individuals were shown to exhibit
high levels of IFN-y after allergen stimulation, in
contrast to what was observed among grass pollen
sensitive individuals [17].

In conclusion, real-time PCR represents a new
powerful tool to monitor immune responses, and
provides new laboratory potential in the field of allergic
diseases. The technique takes advantage of PCR sen-
sitivity and high specificity. Indeed, we demonstrate here
that allergic patients respond only to the offending
allergen whereas non-allergic controls do not. This
specificity is confirmed by other experiments that
are currently performed in our laboratory with other
allergens (peanuts, egg, and birch). Furthermore, the
PCR results are in accordance with serum specific IgE,
skin tests and the clinical history of our patients. These
observations suggest that the real-time PCR assay could
lead to a discrimination between clinically allergic and
non-allergic individuals. We suggest that cytokine
mRNA measurement by real-time PCR could help the
diagnosis of allergic diseases, in addition to conventional
parameters like specific IgE, CD63 or leukotrienes
measurements. This is of particular interest in case of
discrepancies between clinical history, serology and skin
tests or in the field of food allergy for which serology
and skin tests offer only low predictive value. Obviously,
clinical additional studies are required to further
confirm the ability of real-time PCR to differentiate
sensitization from allergic status, and to determine its
possible application in the monitoring of patients
undergoing tolerance.

4. Methods
4.1. Patients and controls

Blood samples were collected from two groups of
volunteers:

- Fifteen patients allergic to cat dander (mean age 31
years). All had a history of asthma or rhinitis when
exposed to cat and gave positive response for cat
extract (Stallergenes, Fresne, France) in the skin
prick test. They were proved to be non-allergic to
birch pollen (no history of symptoms during birch
pollen season, negative skin test and absence of
serum specific IgE towards birch pollen).

- Fifteen non-cat allergic individuals (mean age 22
years) with no history of cat allergic disease and
a negative prick test to cat extract.

Cat specific IgE (CAP-fluoroenzyme immune assay,
Pharmacia and Upjohn Diagnostics, Uppsala, Sweden)
were positive for all allergic patients, ranging from
0.5 to 73.31U/ml (mean = 16.5 IU/ml) and negative
(<0.35 IU/ml) for all controls.

The institutional scientific and ethics committees
approved this study.
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4.2. Allergens

The major purified cat dander allergen of Felis
domesticus (Fel dl) and birch extract were purchased
from ALK-Abello A/S (Horsholm, Denmark) and
Stallergénes (Fresne, France), respectively.

4.3. Quantitative real-time PCR

Real-time PCR on whole blood has been previously
described in detail [3]. Briefly, in vitro whole blood
stimulation was performed on 100 pl of heparinized
venous blood with allergen (Fel dI or birch extract)
or anti-IgE antibody (1/800 dilution, Sigma Aldrich
Chemic GmbH, Steinheim, Germany) at 37 °C in a 5%
CO, atmosphere incubator. Stimulation was started
within 4 h after blood collection, and stopped by adding
250 ul of the reagent contained in PAXgene™ tubes
(Qiagen, Westburg, The Netherlands). This reagent
induced total cell lysis and mRNA stabilization
by nucleic acids precipitation. The nucleic acids pellet
was then dissolved in the lysis buffer contained in the
MagNA Pure™ mRNA extraction kit (Roche Applied
Science, Roche Diagnostics Belgium, Vilvorde, Belgium).
mRNA was extracted from 300 pl of this solution, using
this kit on the MagNA Pure™ instrument (Roche
Applied Science) following manufacturer’s instructions
(“mRNA I cells” Roche’s protocol, final elution volume
100 pl). Reverse transcription and real-time PCR were
performed in one step on a LightCycler instrument,
following the standard procedure described in the
“LightCycler — RNA Master Hybridization Probes”
Kit (Roche Applied Science).

Table 1 describes PCR conditions specific to the
measured mRNA cytokine, i.e. the final concentration of
the primers, all other parameters being the same for all
mRNA targets. After an incubation period of 20 min at
61 °C to allow mRNA reverse transcription, and then an

Table 1

Experimental conditions for IL-4 and IL-13 mRNAs real-time PCR assay

initial denaturation step at 95 °C for 30 s, temperature
cycling was initiated. Each cycle consisted of 95 °C for 0 s
and 60 °C for 20 s, the fluorescence being read at the end
of this second step (F1/F2 channels, no color compen-
sation). Forty cycles were performed, in total. For each
sample, the mRNA copy number was calculated by the
instrument software using the Ct value (““Arithmetic Fit
point analysis”) from a standard curve. This later was
constructed for each PCR run from serial dilutions of
a purified DNA. mRNA levels were expressed either
in absolute copy numbers normalized against B-actin
mRNA (cytokine mRNA copies per million of B-actin
mRNA copies) or in relative copy numbers normalized
against B-actin mRNA. In this latter case, a corrected
cytokine mRNA copy number (CN) was calculated
comparatively to the non-stimulated whole blood at
time 0, all normalized against the transcripts of the
housekeeping B-actin gene [corrected cytokine mRNA
CN = (cytokine mRNA CN of the sample/B-actin
mRNA CN of the sample) X (B-actin mRNA CN of
the non-stimulated sample/cytokine mRNA CN of the
non-stimulated sample)] (AACt method).

4.4. Basophil purification and depletion

from PBMC

Peripheral blood mononuclear cells (PBMC) were
obtained from heparinized whole blood after Ficoll
gradient. This was followed by negative selection using
a MACS Basophil Isolation kit (Miltenyi Biotec,
Bergisch Gladbach, Germany). Cells preincubated with
paramagnetic beads (anti-CD2, CD7, CDI14, CDI15,
CDl16, CD36, CD45RO and anti-HLA-DR) were
applied to an LS cell-separation column mounted on
a Midi MACS magnet (Miltenyi Corp). Basophils were
directly collected as they passed through the column,
washed and resuspended in RPMI. On the other hand,
basophil-depleted PBMC were flushed out using the

Forward (F) and reverse (R) primers and probes (P) for RT-PCR mRNA target Product Final concentration
oligonucleotides (5" — 3")* size (bp) (nM)°
1L-13 F155: TGAGGAGCTGGTCAACATCA 76 F900
R230: CAGGTTGATGCTCCATACCAT R900
P187: 6Fam-AGGCTCCGCTCTGCAATGGC-Tamra-p
1L-4 F174: ACTTTGAACAGCCTCACAGAG 74 F300
R247: TTGGAGGCAGCAAAGATGTC R900
P204: 6Fam-CTGTGCACCGAGTTGACCGTA-Tamra-p
IFN-y F464: CTAATTATTCGGTAACTGACTTGA 75 F600
R538: ACAGTTCAGCCATCACTTGGA R900

P491: 6Fam-TCCAACGCAAAGCAATACATGAAC-Tamra-p

? F, R and P indicate forward and reverse primers and probes, respectively; numbers indicate the sequence position from Genebank accession
numbers NM_000589 for 1L-4, NM_002188 for IL-13 and X13274 for IFN-y.

® Final concentration of forward (F) and reverse (R) primers.
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Table 2
Intra-individual variability: 1L-4 mRNA results (CN) after Fel dI
stimulation obtained for two blood samples distant of approximately
one year

Sample 1 Sample 2
Patient 1 18.1 13.6
Patient 2 89.2 37.1
Patient 3 515.5 36.6
Patient 4 17.5 45.9
Patient 5 22.0 29.8
Patient 6 350.9 46.1

pluger provided with the column. Basophil content of
PBMC, basophil-depleted PBMC and enriched basophil
fractions were analyzed by flow cytometry after staining
with anti-IgE FITC (Caltag Laboratories, Burlingame,
California), anti-CD3 APC and anti-CD45 PerCP
(Becton Dickinson). Basophils were defined as CD45%™,
CD3~ and IgEME". We found 1—1.5% of basophils in
the PBMC suspension, 0.2% in the basophil-depleted
fraction and 40—60% after basophil enrichment.

4.5. Statistical analysis

Results are expressed as mean + SEM. The non-
parametric Mann—Whitney test was used for compari-
sons, and correlations were analyzed with Spearman’s
rank order correlation coefficient test.
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