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Abstract

The Cellular Antigen Stimulation Test (CAST®), a recent innovation in the laboratory detection of allergen sensitivity, is a
functional assay based on the release of sulphidoleukotrienes (LTs) from allergen-activated circulating basophils. The current
study was undertaken to establish optimum determinants of this procedure. The results demonstrate that treatment of blood with
preservative-free heparin in polypropylene containers, and removal of erythrocytes by selective lysis with 0.83% ammonium
chloride are excellent alternatives to the use of CAST® venepuncture tubes and dextran, respectively. Similarly, decreasing and
increasing the leucocyte concentration by 0.5- and 4-fold, respectively, as well as omission of interleukin-3 (IL-3) were also
without significant effect. However, treatment of leucocyte suspensions with bacterial endotoxin (>1 pg/ml) activated the
release of sulphidoleukotrienes from basophils and/or other types of leucocytes. The findings of this study are clearly relevant,
both with respect to cost and performance, when implementing the CAST® in clinical immunology laboratories.
© 2004 Published by Elsevier B.V.
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1. Introduction

Avoidance strategies are the cornerstone of opti-
mum management of the allergic patient, and are
dependent on acquisition of accurate clinical histories
verified, where possible, by objective assessment of
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sulphidoleukotriene.
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allergen sensitivity. In clinical practice, laboratory
measurement of circulating allergen-specific IgE anti-
bodies is reasonably sensitive and specific for some
categories of allergens, such as inhalant allergens and
insect venoms, but is less reliable with respect to
confirmation of food and drug allergies (Wedi et al.,
1996; Humbert et al., 1999; Beckett, 2000). This
limitation has been attributed to the existence of IgE-
independent mechanisms of mast cell and basophil
activation (Humbert et al., 1999; Beckett, 2000;
Douwes et al., 2002; Kraneveld et al., 2002; Boyce,
2003). Clearly, reliable and safe laboratory procedures,
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which detect both IgE-mediated and IgE-independent
sensitivity, have an important role to play in both the
diagnosis and management of allergic individuals.

Theoretically, assays based on the measurement of
mediator release from circulating basophils following
in vitro exposure to test allergens should detect both
IgE-dependent and -independent basophil activation,
and could be used in combination with, or as an
alternative to, measurement of allergen-specific IgE
(Czech et al., 1996; Ferrer et al., 1996; Maly et al.,
1996). Early assays based on measurement of medi-
ator release were not, however, adopted in routine
clinical practice, largely as a consequence of their
technical complexity, lack of standardisation, and
poor cost effectivity (Crockard and Ennis, 2001).

The Cellular Antigen Stimulation Test (CAST®)-
2000 ELISA is a novel, commercially available,
diagnostic laboratory procedure, which is based on
the release of the sulphidoleukotrienes (LTs) Cy4, Dy
and E,4 from allergen-activated circulating basophils in
vitro. This procedure appears to have eliminated many
of the limitations which restricted the clinical appli-
cation of earlier functional assays (De Weck, 1997).
Initial clinical evaluation has demonstrated good sen-
sitivity and specificity, underscoring the potential
usefulness of this procedure in detecting sensitivity
to various categories of allergens, including inhalants,
foods and drugs (Ferrer et al., 1998; Busse et al.,
2000; Vila et al., 2001).

In the current study, we have attempted to identify
patient and laboratory variables which may affect
performance of the CAST®-2000 ELISA test and/or
reliability of data, as well as modifications which may
improve cost effectivity and speed of acquisition of
results.

2. Materials and methods
2.1. Blood specimens

Venous blood (35 ml) was taken from six different
healthy, non-atopic adult volunteers (four females, two
males; average age 41 years) and dispensed in 5-ml
volumes into tubes containing ethylenediaminetetra-
acetic acid (EDTA; for measurement of total and
differential circulating leucocyte counts; SA Scientific
Products, Johannesburg, South Africa), or preserva-

tive-free heparin (5 units/ml blood, Sigma, St. Louis,
MO, USA), as anti-coagulants, and the remaining 25
ml into CAST® venepuncture tubes (Bithlman Labo-
ratories, Allschwil, Switzerland) containing an undis-
closed anti-coagulant. The CAST® venepuncture tubes
are purchased separately from the CAST®-ELISA kits
and are recommended by the manufacturer for use in
the CAST®-ELISA. Blood was also taken from seven
individuals (five females, two males; average age 38
years), with known sensitivity to house dust mite,
confirmed by skin prick testing.

2.2. CAST®-2000 ELISA

Test kits containing all the necessary components
for performance of this test according to the manu-
facturer’s recommendations were purchased from
Biihlman Laboratories. The CAST®-2000 ELISA,
which quantifies the release of LTs C4, D4 and E,4
after treatment of circulating leucocytes with test
allergen(s), is performed in three stages. These are:
(1) leucocyte isolation following removal of most of
the erythrocytes by dextran sedimentation, (ii) succes-
sive addition of interleukin-3 (IL-3) and test allergen
to the cells to achieve sensitisation (“priming’”) and
activation respectively; and (iii) measurement of LTs
in the cell-free supernatants using an ELISA proce-
dure. LT release by sensitised cells in the absence of
added allergen represents the background value, while
maximal release is achieved by treating sensitised
cells with an anti-IgE receptor antibody (provided by
the manufacturer; concentration and origin undis-
closed). The test was performed according to the manu-
facturer’s specifications and the results expressed as
picograms sulphidoleukotrienes/ml, a composite mea-
sure of LTs C4, D4 and E,.

2.3. Experimental design

Experiments were designed to investigate the in-
fluence of each of the following on basal and maximal
release of LTs from circulating leucocytes of each
non-atopic blood donor: (i) the apparent requirement
for CAST® venepuncture tubes, (ii) the necessity for
the lengthy (90 min) dextran sedimentation step, (iii)
the requirement for IL-3 priming, (iv) endotoxin
contamination of buffers and (v) variations in the
leucocyte count concentration.
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2.4. Requirement for CAST® venepuncture tubes

This was determined by comparing the basal and
maximally stimulated LT release responses of baso-
phils isolated from blood collected in CAST® ven-
epuncture tubes, with those of cells isolated from
EDTA- or preservative-free heparin-treated blood col-
lected in polypropylene tubes.

2.5. Requirement for dextran sedimentation

In these experiments, the basal and maximally
activated LT responses of leucocytes prepared from
blood collected into CAST® venepuncture tubes,
following dextran (provided by the manufacturer)
sedimentation by mixing dextran and blood at a ratio
of 2:0.5 for 90 min at room temperature, were
compared with those of matched leucocytes prepared
by NH4Cl (0.83%; Merck, Darmstadt, Germany)-
treatment of whole blood at 4 °C for 10 min (2 ml
blood +48 ml NH4Cl).

2.6. Requirement for IL-3

Following dextran sedimentation of blood collect-
ed into CAST® venepuncture tubes, the resultant
leucocyte-enriched populations were suspended in
stimulation buffer with and without IL-3 (provided
by the manufacturer) and basal and maximal LT
release responses compared.

2.7. Effects of added endotoxin

For these experiments, leucocytes were prepared
by dextran sedimentation of blood collected into
CAST® venepuncture tubes and resuspended in en-
dotoxin-free stimulation buffer, or in stimulation buff-
er spiked with bacterial endotoxin (lipopolysaccharide
from Escherichia coli 0127:B8, Sigma) at final con-
centrations of 0.1, 1 and 10 pg/ml. The basal and
maximally activated LT responses of the endotoxin-
treated and -untreated cells were then compared.

2.8. Variations in leucocyte counts
For these experiments, leucocytes isolated from

dextran-treated blood collected in CAST® venepunc-
ture tubes were resuspended in stimulation buffer to

the recommended concentration (i.e. equivalent to the
circulating leucocyte count), as well as to concentra-
tions which were lower (0.5-fold) and higher (2- and
4-fold) than this value. The basal and maximally
activated LT responses of these cell suspensions were
then compared.

2.9. Comparison of the modified CAST®-ELISA test
in the detection of allergen sensitivity

In these experiments, we evaluated the potential
influence of combinations of variables, as opposed to
the single variables described in Sections 2.4, 2.5 and
2.6, on basal and maximally activated LT responses of
leucocytes, as well as on the detection of sensitivity to
house dust mite, using matched leucocyte suspensions
from seven different subjects with established reac-
tivity to this allergen. Two modified procedures were
used and compared with the conventional CAST®-
ELISA procedure. Modified procedure 1 used preser-
vative-free heparin collection tubes, NH4CI lysis and
standard CAST®-ELISA buffer. Modified procedure
2 used preservative-free heparin collection tubes,
NH,4CI lysis and IL-3 free buffer. Allergen (Derma-
atophagoides pteronyssinus) was obtained from the
manufacturer of the CAST®2000-ELISA (Bithlman
Laboratories).

2.10. Expression and analysis of results

The results of each series of experiments are
presented as the mean values + standard deviations
(S.D.). Statistical analyses were performed using
ANOVA, with the Tukey—Kramer Multiple Compar-
isons Test where appropriate. A P value of <0.05 was
considered significant.

3. Results

3.1. Requirement for CAST® venepuncture tubes,
dextran sedimentation and interleukin-3

The results of experiments designed to investigate
the effects of collection of blood into preservative-free
heparin, or removal of erythrocytes by NH4Cl lysis, or
omission of IL-3 on the performance of the CAST®
2000-ELISA procedure, using leucocytes from non-
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Table 1

Effects of altering single parameters on basal and maximal
leukotriene production by leucocytes from non-atopic donors in
the CAST® 2000-ELISA

System Leukotriene production (pg/ml)

Basal Maximal

Conventional CAST® procedure 325 +90* 2753 4+ 1095**

Tubes containing 252 + 131 2642 £ 1101**
preservative-free heparin

Ammonium chloride lysis 137+ 72 2750 £ 1104**

Omission of IL-3 308 £ 148 2740 £ 1127**

*The results are presented as the mean values + S.D. for paired
leucocyte suspensions isolated from six different subjects.

**P<0.05 for comparison between the basal and maximal
values for each system.

atopic donors are shown in Table 1. In comparison
with the results obtained with the conventional
CAST® procedure, none of these modifications af-
fected the maximal LT responses, although collection
of blood into preservative-free heparin, and especially
lysis of erythrocytes with NH4Cl, decreased the basal
responses; this would have the effect of increasing the
stimulation indices.

3.2. Endotoxin contamination

Bacterial endotoxin, at concentrations of 0.1 and 1
pg/ml did not affect either basal or maximal produc-
tion of LTs by leucocytes from non-atopic donors
(results not shown). However, treatment of the cells
with 10 pg/ml endotoxin resulted in an increase in
basal responses which did not achieve statistical
significance. The mean (+ S.D.) values for basal
and maximal LT production for the control system

Table 2

were 325 £ 90 and 2753 £ 1095 pg/ml, respectively,
while the corresponding values for cells treated
with 10 pg/ml endotoxin were 1015 &+ 1094 and
2766 + 1064 pg/ml, respectively.

3.3. Variations in leucocyte concentrations

The mean total and differential circulating leuco-
cyte counts of the non-atopic donors used were all
within the normal ranges for our laboratory, with a
mean ( + S.D.) basophil count of 0.03 + 0.02 x 10°/1
blood.

Using the conventional CAST® procedure, adjust-
ing the leucocyte suspensions from these non-atopic
donors to concentrations which were 0.5-fold less, or
2- and 4-fold greater than those of the unadjusted cell
suspension did not significantly alter the clear dis-
tinctions between basal and maximally stimulated LT
responses (results not shown).

3.4. Comparison of the standard and modified
CAST®-ELISA procedures

The validity of the modified CAST® procedure in
the clinical setting was evaluated by comparing its
performance relative to that of the standard procedure
in the determination of basal, allergen-activated and
maximally activated LT production by leucocytes
isolated from seven individuals with a known sensi-
tivity to D. pteronyssinus. These results are shown in
Tables 2 and 3. As opposed to the decrease in basal LT
values observed when a single parameter (preserva-
tive-free heparin or NH,Cl lysis, Table 1) was varied,
combining two (preservative-free heparin+NH,4CI

Comparison of the standard and modified CAST®-ELISA procedures in the detection of sensitivity to house dust mite

Leukotriene production (pg/ml)

Stimulation indices

Basal Allergen-activated Maximal Allergen activated Maximal
Standard procedure 242 + 134%* 2937 + 669 3148 + 137 16£9 17+£9
Modified procedure 1 85+ 36 2130 £ 1089 2382 + 963 46 + 63 49 + 63
Modified procedure 2 102 + 46 1265 + 839** 1703 £ 524** 13+7 20+ 8

* Mean stimulation indices (allergen-activated/maximal values divided by the corresponding basal values) shown in parentheses.

*Results from seven different individuals with known sensitivity to house dust mite are expressed as the mean values = S.D. Modified
procedure 1 uses preservative-free heparin collection tubes, NH4CI lysis and standard CAST®-ELISA buffer, containing IL-3. Modified
procedure 2 uses preservative-free heparin collection tubes, NH4Cl lysis and IL-3 free buffer. The differences between the basal and
corresponding allergen-activated and maximally activated responses for each procedure all achieved statistical significance (P <0.05).

** P<0.05 for comparison with the standard procedure.
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Table 3

Basal and allergen-activated LT values for each atopic individual
using the conventional CAST®-ELISA and the two modified
procedures

Individual Procedure used to determine production of LTs
(pg/ml)

Conventional Modified 1 Modified 2

Basal Allergen Basal Allergen Basal Allergen

1 498 3139 105 652 38 483
2 168 3200 78 2279 106 1735
3 273 1421 118 553 126 541
4 229 3200 110 2988 151 753
5 113 3200 60 2400 64 805
6 297 3200 103 2883 159 2701
7 116 3200 17 3154 71 1841

lysis) or especially three variables (preservative-free
heparin + NH4Cl lysis + omission of IL-3) lowered not
only the basal, but also the allergen-activated and
maximally activated LT responses (relative to those
of the conventional CAST®-ELISA procedure, Table
2). In spite of these differences in absolute values, the
stimulation indices (allergen-activated and maximally
activated values divided by the corresponding basal
values) for each of the modified procedures did not
differ significantly from one another, or from those of
the conventional procedure (Table 2). Moreover, the
distinction between basal and allergen-activated
responses was clearly evident for each of the seven
subjects irrespective of the procedure used (Table 3).

4. Discussion

In the current study, we observed that CAST®
venepuncture tubes could be replaced by tubes con-
taining preservative-free heparin as anti-coagulant
with no adverse effects on results. Indeed, basal
values for LT production by leucocytes isolated from
blood collected in tubes containing preservative-free
heparin were lower, suggesting that this modification
is not only a suitable alternative to CAST® vene-
puncture tubes, but may even be preferable.

We were concerned about the use of dextran in the
CAST®-ELISA procedure for two reasons. Firstly,
dextran-treatment of circulating leucocytes has been
reported to sensitise and/or activate the pro-inflam-
matory activities of these cells (Sher et al., 1974;
Berends et al., 1994; Iba et al., 2002). Secondly, the

recommended time of 90 min for erythrocyte sedi-
mentation adds significantly to the time required to
complete the procedure. In the current study, we
observed that a brief (10 min) exposure of blood to
NH,4CI resulted in leucocyte preparations which pro-
duced similar overall results to those prepared from
matched dextran-treated blood. Results showed com-
parable stimulation indices and positivity rates, al-
though both basal and maximal LT responses were
marginally lower, indicating a lesser degree of non-
specific cellular stimulation during leucocyte isola-
tion. Clearly, NH,Cl lysis of erythrocytes significantly
reduces the time taken to perform the test, without
compromising the quality of results. Moreover, de-
creasing or increasing the leucocyte concentration in
the CAST®-ELISA procedure by 0.5-fold and up to 4-
fold, respectively, did not significantly alter the dis-
crimination between basal and maximally activated
LT responses.

Inclusion of IL-3 in the stimulation buffer to
sensitise circulating basophils for LT production on
exposure to allergen is also recommended by the
manufacturer. Although the mechanism of sensitisa-
tion of the cells remains to be established, stimulatory
effects of the cytokine on cytosolic phospholipase A,
activity is a possibility, as opposed to interference
with basophil apoptosis or other mechanisms involv-
ing de novo protein synthesis which are unlikely to be
operative during the 40-min exposure of the cells to
IL-3 (Miura and MacGlashan, 2000; Sin et al., 2001;
Zheng et al., 2002). We were unable to detect signif-
icant effects of inclusion of the cytokine on either
basal or maximal LT production by the cells using
blood from non-atopic donors.

We then compared two modified procedures, in
which two or three parameters (preservative-free hep-
arin + NH4Cl lysis + IL-3) were varied, with the con-
ventional CAST®-ELISA procedure in the detection
of sensitivity to house dust mite, as well as on basal
and maximally activated LT responses. The values for
basal, allergen-activated and maximally activated LT
responses were lower with both modified procedures,
particularly procedure 2 (preservative-free heparin,
NH,4CI lysis, omission of IL-3), suggesting that the
combination of collection of blood into CAST®
venepuncture tubes, dextran sedimentation of eryth-
rocytes and inclusion of IL-3 all interact to sensitise
the cells for increased spontancous and stimulated
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production of LTs. None of these parameters when
evaluated individually (Table 1), impacted significant-
ly on either basal or maximal responses. This decrease
in LT production observed with the modified proce-
dures did not, however, significantly influence the
discrimination of the CAST®-ELISA, with clear dis-
tinctions observed between basal, allergen-activated
and maximal responses, as well as comparable stim-
ulation indices for all three systems.

The manufacturers of the CAST®-ELISA recom-
mend that all buffers and containers used in the
CAST®-ELISA are endotoxin-free, presumably to
avoid false-positive results due to endotoxin-activa-
tion of LT production by basophils, eosinophils and
monocytes in the leucocyte population (Krausfilarska
et al., 1998; Boyce, 2003). In agreement with this
recommendation, we observed that addition of endo-
toxin to the stimulation buffer (40-min exposure),
resulted in a dose-related increase in basal production
of LTs by the cells, emphasising the importance of
avoidance of endotoxin contamination. In this context,
it is noteworthy that certain commercial allergen
preparations may contain endotoxin (Trivedi et al.,
2003), which is clearly to be avoided in functional
assays of allergen sensitivity such as the CAST®-
ELISA procedure.

In conclusion, in addition to establishing factors
which optimise test performance, we have also iden-
tified modifications of the CAST®-ELISA procedure
which have the potential to decrease costs and expe-
dite the acquisition of results. All of these are relevant
to the discerning and efficient implementation of the
CAST®-2000 ELISA as a diagnostic procedure in
clinical immunology laboratories.
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