
IL-4δ2, contains the coding sequences of exons 1, 3, and
4 spliced together in an open reading frame with the
sequence of exon 2 omitted.3 Alternative splicing of
human IL-4 mRNA was first described in PHA-stimulat-
ed PBMCs3 and subsequently in mitogenically stimulat-
ed CD3+ T cells4 and B cells.5

The deletion of exon 2 does not result in a frameshift,
and IL-4δ2 mRNA encodes a truncated IL-4 protein. IL-
4δ2 is a naturally occurring receptor antagonist of IL-
4–induced T-cell stimulation, monocyte inhibition of
PGE2 secretion, and B cell-IgE synthesis and CD23
expression.6,7 Receptor-binding studies with lymphoma
cell lines6 or purified monocytes7 showed that IL-4δ2
bound specifically and in competition with IL-4. The
phenomenon of alternative splicing is shared by the IL2
gene, which produces IL-2δ2 and IL-2δ3 mRNA, which
are missing exons 2 and 3, respectively, as well as IL-2
mRNA.8 Studies with IL-2δ2 and IL-2δ3 indicate that
they are also competitive inhibitors of IL-2.

We report a novel competitive RT-PCR assay for the
simultaneous quantitation of both IL-4 and IL-4δ2
mRNA and its application to respiratory tract tissue. Pre-
vious studies have not attempted to differentiate these
potentially competing IL-4 mRNA species and have only
been able to report total IL4 gene expression incorporat-
ing both mRNA forms.

METHODS

Samples

PHA-stimulated PBMCs were prepared as described previous-
ly.9 Aliquots of 3 × 106 cells were stimulated with 3 µg/mL PHA
(Sigma-Aldrich, Castle Hill, NSW, Australia) for 24 hours and then
collected by centrifugation, snap frozen in liquid nitrogen, and
stored at –80°C.

Freshly resected nasal polyps from 4 atopic patients were
obtained. They were dissected and snap frozen in liquid nitrogen
before storing at –80°C.

Endobronchial biopsy specimens were obtained from 9 asthmat-
ic volunteers with well-documented illness (Table I). All had a bron-
chodilator response of 15% or greater increase in FEV1. They used
albuterol for relief of symptoms as needed, with (7 patients) or
without (2 patients) regular inhaled corticosteroids. No patient was
taking any other antiasthma medication. Seven control subjects had
no history of asthma or other respiratory diseases, were using no
medication, and had no bronchodilator response to albuterol and no
measurable airway response to 3.2 mg of methacholine. Volunteers
who had acute respiratory tract infection during the previous 4
weeks or who had any change in asthma medication or hospital
admission caused by airway disease in the 4 weeks before the study
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Background: The human IL4 gene, has been shown to express
the alternatively spliced messenger (m)RNA IL-4δ2. IL-4δ2 is
missing the entire sequence from exon 2 and has been identi-
fied as an IL-4 receptor antagonist.
Objective: We sought to distinguish IL-4 and IL-4δ2 mRNA in
respiratory tract tissue for the first time.
Methods: A novel competitive PCR assay was established with
primers designed on either side of the alternative splice junc-
tion of the IL4 gene, allowing the simultaneous quantitation of
both IL-4 and IL-4δ2 mRNA from one reaction.
Results: IL-4 and IL-4δ2 were differentially expressed in 4
nasal polyps. No difference was seen in endobronchial biopsy
specimens for IL-4 mRNA expression between control subjects
(median, 2.8 × 102 copies/µg RNA; range, 0-3.7 × 103 copies/µg
RNA) and asthmatic subjects (median, 1.4 × 102 copies/µg
RNA; range, 0-4.7 × 102 copies/µg RNA). However, significant-
ly more asthmatic subjects (6 of 9) than control subjects (1 of
7) expressed IL-4δ2 (P = .036). Expression of IL-4 variants was
unaffected by atopic status.
Conclusions: Given that IL-4δ2 is an IL-4 receptor antagonist,
these results indicate that it is crucial to be able to distinguish
IL-4δ2 from IL-4 when assessing IL4 gene expression.
Increased expression of IL-4δ2 in stable asthmatic subjects
suggests that the balance of IL-4 and IL-4δ2 may modulate
asthmatic inflammation. (J Allergy Clin Immunol
1999;104:978-82.)
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IL-4, which is produced by CD4+ T cells and some
CD8+ T cells, mast cells, B cells, and basophils, is a key
cytokine that, along with IL-5, defines the TH2 response.1

The production of IL-4 and IL-5 by T cells is further pro-
moted by IL-4 in a positive feedback system.

The human IL4 gene contains 4 exons separated by 3
introns.2 IL-4 messenger (m)RNA contains all 4 exons
spliced together, whereas an alternatively spliced mRNA,
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were excluded. All asthmatic and control subjects were nonsmokers
and gave informed written consent before commencing the study,
which was approved by The Alfred Hospital Ethics Committee.

Atopic status was assessed by skin prick testing with a panel of
7 common aeroallergens and was defined by a response of 3 mm or
greater diameter to 1 or more of the aeroallergens. FEV1 and
bronchial responsiveness to methacholine were measured in the
morning and after a bronchodilator-free period of at least 8 hours. A
rolling-seal spirometer (SensorMedics Corporation, Yorba Linda,
Calif) was used for measurement of FEV1 according to American
Thoracic Society guidelines. Bronchial responsiveness to metha-
choline was assessed by a previously established technique10 and
expressed as PD20 by using linear interpolation from a dose-
response plot.

Bronchoscopy was performed shortly after recovery from
methacholine challenge. Subjects were premedicated with intra-
venous administration of 0.4 mg of atropine and 5 to 15 mg of mid-
azolam. Inhaled albuterol (200 µg) was given 15 minutes before
bronchoscopy. Four percent lignocaine spray was applied to the
pharynx and larynx, and 2% lignocaine was applied below the cords
in 2-mL aliquots as required up to a maximum dose of 6 mL. Sub-
jects were monitored by using pulse oximetry and administered
oxygen at 4 L/min during the procedure. Endobronchial biopsy
specimens were taken from the segmental subcarinae of the right
lower lobe of each patient by using alligator forceps (Olympus code
No. FB 15C). Biopsy specimens were transported on ice to the lab-
oratory, snap frozen in liquid nitrogen within 15 minutes, and stored
at –80°C.

Construction of competitor

A competitor template for IL-4 PCR was obtained by PCR-
mediated mutagenesis of a commercially available construct.
Human IL-4 DNA Mimic was obtained (Clontech, Palo Alto, Calif),
and the primers were redesigned by using Oligo 5.0 Primer Analy-
sis Software (National Biosciences, Plymouth, Minn) to improve
their specificity and annealing profiles. IL-4 DNA Mimic (6 × 107

copies/100 µL) was amplified in 4 × 100 µL reactions as for sam-
ples. The reactions were combined and purified by phenol/chloro-
form/isopropanol (25:24:1; Sigma-Aldrich) extraction and ethanol
precipitation9 before resuspending in 100 µL of 10 mmol/L Tris-
HCl, pH 7.5. The 499-bp competitor template was quantitated by
using a PicoGreen fluorometric microplate assay (Molecular
Probes, Eugene, Ore) detected in a laser-based fluorescence scanner
(FluorImager 575, Molecular Dynamics, Sunnyvale, Calif). The IL-
4 competitor was diluted to working concentrations with 50 µg/mL
glycogen (Boehringer Mannheim Australia, Castle Hill, NSW, Aus-
tralia) in 10 mmol/L Tris-HCl, pH 7.5.

Analysis of specificity of PCR

The IL-4 primers produce 339- and 291-bp PCR products as pre-
dicted by Oligo software when used to amplify complementary
(c)DNA from PHA-stimulated PBMCs. To confirm the identity of
the PCR products as amplicons of IL-4 and IL-4δ2, the individual
bands were isolated from a polyacrylamide gel by using QIAquick
PCR Purification Kits (Qiagen, Melbourne, Australia) and subject-
ed to restriction enzyme analysis. Excised gel slices were crushed,
and the DNA was eluted passively into 500 µL of PB buffer, incu-
bating for 20 minutes at 94°C followed by 4°C overnight. The gel
fragments were collected by centrifugation and washed with 500 µL
of PB buffer. The aliquots of PB buffer were combined, and PCR
products were purified before reamplification in 5 × 100 µL reac-
tions and purification directly by the QIAquick kit.

Aliquots of 400 ng of put ative IL-4 and IL-4δ2 PCR products
were restriction digested by 15 U BpuAI (exon 1-2 splice junction),
HindII (exon 2), PstI (exon 3) and PvuII (exon 3; Boehringer

Mannheim). Digests were analyzed by PAGE and fluorescence
scanning. The specificity of the PCR products was further tested by
sequencing with a Dye Terminator Cycle Sequencing Kit with
AmpliTaq DNA Polymerase FS (Perkin-Elmer, Foster City, Calif)
followed by analysis with the Basic Local Alignment Search Tool
(National Centre for Biotechnology Information).

Dual-mRNA species-competitive PCR

To establish that dual-mRNA species-competitive PCR is a valid
quantitative method, a changing input ratio series of reactions was
set up. Aliquots of PHA-stimulated PBMC cDNA, previously
shown to be positive for both IL-4 and IL-4δ2, were combined in
100-µL PCRs with serial titration of IL-4 competitor DNA from 8
× 105 to 3.9 × 102 copies. Reactions were split into duplicate 50-µL
aliquots and amplified for 35 and 40 cycles.

RNA extraction

Nasal polyps and endobronchial biopsy specimens were extract-
ed with RNeasy Total RNA Kit (Qiagen). Tissue was homogenized
in 700 µL of lysis buffer RLT by using a Polytron rotor-stator
(Kinematica, Luzern, Switzerland) followed by aspiration 10 times
through a 21-gauge syringe needle to shear chromosomal DNA.
RNA was eluted from the spin column with 40 µL of diethylpyro-
carbonate-treated water. Aliquots of 4 µL of RNA were quantitated
by capillary spectrophotometry by using an Absorbance Capillary
Adaptor Cell (Helix, San Diego, Calif), background correction at
320 nm and a Cary 1 spectrophotometer (Varian, Melbourne, Aus-
tralia). Samples with (A260-A320)/(A280-A320) ratios less than 1.7
and/or yields less than 0.5 µg of total RNA were excluded from sub-
sequent analysis.

Reverse transcription and competitive PCR

cDNA was synthesized from up to 1 µg of RNA in a volume of
20 µL consisting of 1× GeneAmp PCR buffer, 5 mmol/L MgCl2, 1
mmol/L deoxyribonucleoside triphosphate, 0.8 U of RNase
inhibitor, 2 µmol/L Oligo d(T)16, and 2 U of MuLV reverse tran-
scriptase (all from Perkin-Elmer). Reactions were incubated for 1
minute at 15°C, and then the temperature was increased to 42°C
over 9 minutes followed by 1 hour at 42°C, 5 minutes at 85°C, and
1 minute at 4°C.

For competitive PCR, 20 µL of cDNA was made up to a 100-µL
reaction, consisting of 2 U AmpliTaq Gold, 1× GeneAmp PCR
buffer, 2.5 mmol/L MgCl2, deoxyribonucleoside triphosphate (all
from Perkin-Elmer), 0.2 µmol/L upper primer CCG GCA ACT
TTG TCC AC from exon 1 and 0.2 µmol/L lower primer TCT GGT
TGG CTT CCT TCA C from exon 4 (synthesized by Bresatec, Ade-

TABLE I. Airway biopsy subject profiles

Control Asthmatic 

subjects subjects

No. 7 9
Sex (M:F) 6:1 5:4
Mean age (range) 24 (20-38) 48 (24-65)
Atopy (positive/negative) 4/3 5/4
Mean PD20 methacholine, ≥6.4 0.035 (0.001-0.625)

mg (range)
Median FEV1, % predicted 109 (95-125) 96 (58-103)

(range)
Median inhaled corticosteroid,
µg/d (range)* – 800 (0-1000)

*Dose per day of beclomethasone diproprionate: 2 taking nothing, 2 taking
500 µg/d, 2 taking 800 µg/d, and 3 taking 1000 µg/d.
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laide, SA, Australia) and 40 copies of IL-4 competitor. Thermal
cycling was conducted in an MJ Research PTC-200 (Watertown,
Mass) with an initial denaturation of 8 minutes at 94°C, followed by
50 cycles of 94°C for 1 minute, 64°C for 1 minute, and 72°C for 1
minute and concluding with 7 minutes at 72°C and 1 minute at 4°C.
The PCR products representing IL-4 and IL-4δ2 were resolved by
electrophoresis through 1.5 mm 8% 29:1 polyacrylamide gels (acry-
lamide/bisacrylamide; Bio-Rad Laboratories, Hercules, Calif) in 1×
Tris-acetate-EDTA buffer9 by using active cooling to maintain a
temperature of 16°C to 18°C. PAGE gels were stained by overlay
with 1:10,000 SYBR Green I (Molecular Probes) in Tris-acetate-
EDTA buffer for 45 minutes and then scanned directly in the Fluo-
rImager. PCR product band volumes were quantitated with Image-
QuaNT software (Molecular Dynamics). Native-competitor product
ratios were calculated, and the levels of gene expression were
reported as copies of mRNA per micrograms of total RNA.

Statistical analysis

For comparison between normal and asthmatic endobronchial
biopsy mRNA levels, the 2-way Mann-Whitney U test was used.

The χ2 test was used to compare the frequencies of positive sam-
ples.

RESULTS

IL-4 PCR specificity

RT-PCR of PHA-stimulated PBMC RNA yielded PCR
products of 339 and 291 bp, which are consistent with
being derived from IL-4 and IL-4δ2 mRNA, respective-
ly. Restriction enzyme analysis was conducted on PAGE-
purified and reamplified PCR products (data not shown).
As predicted, putative IL-4δ2 PCR products were
cleaved by PstI (exon 3) and PvuII (exon 3) but not by
BpuAI (exon 1-2 splice junction) or HindII (exon 2). IL-
4 PCR products were cleaved by all 4 restriction
enzymes, producing fragments of the expected sizes.

Dual-mRNA species-competitive PCR

Titration of IL-4 competitor against a constant aliquot
of cDNA in a changing ratio experiment showed that the
ratios closely followed the predicted line (Fig 1), indicat-
ing that both IL-4 and IL-4δ2 products and the IL-4 com-
petitor compete equally in the PCR. Thus dual-mRNA
species-competitive PCR allows both IL-4 and IL-4δ2
PCR products to be quantitated from 1 reaction.

IL-4 and IL-4δ2 in nasal polyps

IL-4–competitive RT-PCR was conducted on 4 nasal
polyp samples in preliminary experiments conducted to
optimize the assay system (Fig 2). Two samples
expressed only IL-4, but one expressed both IL-4 and IL-
4δ2, whereas the other was negative for both types of
mRNA.

IL-4 and IL-4δ2 in airway biopsy specimens

No difference was seen in endobronchial biopsy spec-
imens for IL-4 mRNA expression (Fig 3) between con-
trol subjects (median, 2.8 × 102 copies/µg RNA; range,
0-3.7 × 103 copies/µg RNA) and asthmatic subjects
(median, 1.4 × 102 copies/µg RNA; range, 0-4.7 × 102

FIG 3. IL-4 and IL-4δ2 expression in airway biopsy specimens.

FIG 1. Test of dual-mRNA species-competitive PCR by titration of
competitor. IL-4 competitor was titrated against a constant aliquot
of PHA-stimulated PBMC cDNA, and PCR was conducted for 40
cycles. Quantitation of the native/competitor ratios for IL-4 and IL-
4δ2 is shown. The line of prediction is indicated by a dashed line
with a slope of 1. Similar data was obtained with 35 cycles of
amplification.

FIG 2. IL-4 and IL-4δ2 mRNA are differentially expressed in nasal
polyps. The sizes of the PCR products are indicated.
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copies/µg RNA). However, significantly more asthmatic
than control subjects expressed IL-4δ2 (P = .036). The
single control subject expressing IL-4δ2 was negative for
IL-4 mRNA. The detection of IL-4 or IL-4δ2 was not
obviously affected by age, steroid use, or atopic status.

DISCUSSION

In both nasal polyps and airway biopsy specimens we
found that IL-4 and IL-4δ2 were variably expressed, with
IL-4δ2 levels usually somewhat lower than those for IL-
4. If we had used an assay that did not distinguish
between IL-4 and IL-4δ2 for these samples, we would
have concluded incorrectly that asthmatic subjects
expressed more IL-4 compared with control subjects.
Given that IL-4δ2 is an IL-4 receptor antagonist,6,7 these
results indicate that it is crucial to be able to distinguish
IL-4δ2 from IL-4 when assessing IL4 gene expression.

In the absence of validated protein detection methods
to discriminate between IL-4 variants, it is not possible to
determine whether the transcribed mRNA is actually
translated to protein. IL-4 immunoreactivity has been
found in storage granules of eosinophils and mast cells.11

If IL-4δ2 is indeed an in vivo physiologic antagonist of
IL-4 activity, then conceivably, IL-4δ2 could be coex-
pressed with IL-4 and stored to rapidly moderate an IL-
4–mediated response (Fig 4).

There is preliminary evidence that IL-4δ2 has differ-
ing affinities compared with IL-4 for at least 2 recep-
tors.6,7 Thus IL-4δ2 may be expressed as a differential
receptor antagonist to channel IL-4 from binding to the
high-affinity IL-4 receptor to binding to the low-affinity
receptor. Given the coexpression of IL-4 and IL-13 in T
cells12 and the sharing of receptors and/or receptor
chains between IL-4 and IL-13,13 IL-4δ2 expression
might also function to direct IL-13 from one receptor to
another.

Increased expression of IL-4 and IL-5 in asthmatic air-
way biopsy specimens and lavage fluid has been report-
ed.14-20 These studies have used varying combinations of

immunochemistry, in situ hybridization, and semiquanti-
tative PCR methods, but all the methods were applied in
the traditional manner and would have failed to differen-
tiate between the 2 IL-4 mRNA species. Although mo-
lecular modeling of IL-4δ2 structure indicates some
changes in folding compared with IL-4, most mAbs are
likely to detect both IL-4 and IL-4δ2.21 Our results indi-
cate that both IL-4 and IL-4δ2 are commonly expressed
in airway samples, and therefore previous studies would
have reported additive results.

We have demonstrated that dual-mRNA species-com-
petitive PCR is a valid quantitative method for assaying
IL-4 and IL-4δ2 in airway biopsy specimens. This
method is analogous to that previously reported for HIV
viral load quantitation in which multiple competitors,
differing by size, are added in known amounts to patient
samples, allowing categorical reporting of HIV copy
number.22 We believe this to be the first report of a quan-
titative assay with more than 2 simultaneously competing
PCR products, as well as the first description of the IL-
4δ2 variant in human respiratory tract tissue.

Perhaps the strongest evidence for IL-4 being impor-
tant in the asthmatic lung comes from studies of allergen
challenge in atopic patients.23-27 Although these studies
have the same detection problems described above, they
have shown upregulation of total IL4 gene transcription
at 18 to 24 hours after challenge compared with that
found immediately after challenge or compared with
vehicle only–challenged sites. However, not all lung
allergen challenge studies have found increased expres-
sion of IL-4.28,29 We did not find IL-4 mRNA increased
in a group of stable nonchallenged asthmatic subjects,
but they were more likely to express IL-4δ2 mRNA com-
pared with normal control subjects. Although numbers
were small, there was no suggestion of trends for IL-4δ2
to vary with steroid use or atopy.

IL-4 has been correlated with asthma symptoms30 and
is possibly more important in subjects with acute asthma
than in those with stable asthma. Increased IL-4δ2 in our
relatively stable asthmatic subjects may reflect a resolv-

FIG 4. Potential role of IL-4δ2.
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ing IL-4 response or active asthma being kept under crit-
ical control (Fig 4). These hypotheses and speculations
obviously need further detailed work, but the potential
importance of an IL-4/IL-4δ2 balance modulating asth-
matic inflammation is considerable.

We thank Ros Bish, RN; Dr Frank Thien; and Dr Xun Li for their
clinical assistance.
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