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ABSTRACT: The effects of the mucolytic agent, dithioerythritol (DTE), and the
temperature at which sputum processing is conducted on cellular and biochemical
markers in induced sputum was assessed.

Samples from healthy and atopic asthmatic subjects were treated with either DTE
or phosphate-buffered saline (PBS) at 22 or 37°C and compared for cell counts and
concentrations of histamine, tryptase, eosinophil cationic protein (ECP), free inter-
leukin (IL)-8, immunoglobulin (Ig)A, IL-8/IgA complexes and secretory component
(SC). In addition, the influence of DTE on in vitro mediator release from blood
eosinophils, basophils and bronchoalveolar lavage (BAL) mast cells was studied.

Processing with DTE improved cytospin quality and increased the cell yield and
measurable ECP, tryptase, IgA and SC, but reduced levels of histamine in PBS-
treated samples and had no effect on IL-8. Cell counts or mediator levels were similar
when sputum was processed at 22 or 37°C, even though DTE induced blood basophils
and BAL mast cells to release histamine at 37°C. In spiking experiments, recovery of
added ECP, tryptase, total IL-8 and histamine from sputum was similar in DTE- and
PBS-processed sputum, but reduced for free IL-8 in PBS-treated samples.

In conclusion, dithioerythritol improves cell and mediator recovery without causing
cell activation when sputum processing is conducted at room temperature. The extent
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Several studies have shown that sputum induction is
safe and gives reproducible sputum cell counts and con-
centrations of soluble mediators [1-6]. However, the possi-
bility that induction itself or subsequent sputum processing
activates airway inflammatory cells has not been entirely
ruled out [7], leaving doubt as to whether the findings in
sputum accurately reflect mucosal inflammation in vivo. In
particular, it remains unclear whether the use of the
reducing mucolytic agents, dithioerythritol (DTE), or its
optical isomer dithiothreitol (DTT), to homogenize sputum
may affect the detection of mediators/proteins in the
sputum fluid phase either by interfering with immunoas-
says or by exerting a direct effect on inflammatory cells.
Furthermore, it is not known whether the temperature at
which sputum is processed is important for mediator
detection and cell differential counts, with some authors
conducting this at room temperature [8, 9] and others at
37°C [4, 6, 10-13].

To address the above issues evidence has been sought
for any effects of DTE on the detection of several inflam-
matory markers of relevance to airways inflammation,
including differential cell counts, eosinophil cationic pro-
tein (ECP), tryptase, histamine, interleukin (IL)-8, immuno-
globulin (Ig)A, and secretory component (SC). To that
effect sputum samples treated with DTE or phosphate-
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buffered saline (PBS) were compared and the direct effects
of DTE on mediator immunoassays were studied. As a
further means of investigating the effect of DTE on
inflammatory cells, it was investigated whether DTE might
itself induce release of mediators from blood-derived
eosinophils and basophils and bronchoalveolar lavage
(BAL) mast cells. Finally, in order to clarify whether the
temperature at which sputum is processed matters with
respect to cell recovery and mediator levels, the cell counts
and levels of ECP and histamine in the same samples
processed with DTE either at room temperature (22°C) or
at 37°C were compared.

Methods
Subjects

Twenty-four atopic asthmatics treated with inhaled 3,-
agonists as required and inhaled corticosteroids (n=2) and
10 nonatopic healthy control subjects underwent sputum
induction to study the effects of processing with DTE and
PBS. BAL was performed in six consenting patients
undergoing diagnostic bronchoscopy. Peripheral blood
basophils and eosinophils were obtained from six and
seven atopic subjects, respectively.
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The studies were approved by the Southampton Uni-
versity and Hospitals Ethics Committee and the Ethics
Committee of the University of Liege.

Sputum induction

Sputum was induced as previously reported, with 4.5%
hypertonic saline inhaled during four 5-min periods [9].
Before expectoration, subjects rinsed their mouth with
water and dried it with tissue paper to minimize saliva
contamination. The collected sputum was pooled and kept
on ice until processing.

Measurement of sputum concentrations of sodium,
calcium and magnesium and osmolarity

Four sputum specimens were randomly analysed for
concentrations of Ca>" and Mg?", electrolytes which are
important for cell activation, and Na" and CI" and osmo-
larity, factors which might influence mediator release [14].
The electrolytes were detected using the Beckman Syn-
chron CX7 Analyzer (Fullerton, CA, USA) according to
the manufacturer’s instructions. Osmolarity was measured
using the Advanced Micro-Osmometer (Advanced Instru-
ments, Needham Heights, MA, USA) which utilizes high-
precision electronic thermometers to sense the freezing
point.

Comparison of effects of processing with PBS or DTE
on cell counts and mediator levels

In 13 asthmatics and 10 healthy subjects, sputum
specimens were divided into two approximately equal
parts using a cell scraper and scissors to cut through more
viscous mucus. An equal weight of either 0.01 M DTE
(0.15%) (Fluka, Gillingham, UK) solubilized in PBS or
PBS alone was added. Samples were then agitated for 10 s,
rocked for 30 min at room temperature, and filtered
through a 70-mM strainer (Becton Dickinson, Abingdon,
UK). The collected fluid was centrifuged at 400 x g for 10
min at 4°C and supernatants removed and stored at -20°C.
The cell pellets were resuspended in 1 mL of Ca*'- and
Mg*"-free PBS, and the cells counted in a haemocytom-
eter. Cytospins were stained with May—Griinwald—Giemsa,
and 600 nonsquamous cells counted. The cytospins were
scored for quality (1=bad, 2=acceptable, 3=good and 4=
excellent) by one blinded observer taking into account cell
morphology, clarity of the background and contamination
with squamous cells.

Measurement of mediators/proteins

ECP was detected by fluorometric enzyme immunoas-
say (Pharmacia, Uppsala, Sweden). Tryptase was detected
by radioimmunoassay (Pharmacia). Histamine was meas-
ured by radioimmunoassay (Serotec, Oxfordshire, UK) in
sputum samples. Automated fluorometry (Technicon auto
analyser 2, Basingstoke, UK) was used for histamine
measurements in studies of histamine release by blood
basophils and lung mast cells according to a previously

described protocol [15]. Free IL-8, IgA, complexes of IL-8
and IgA, and SC in sputum samples were assayed by
enzyme-linked immunosorbent assay (ELISA) as pre-
viously described [9].

In order to investigate whether DTE has an effect on the
mediator assays, concentrations of histamine, ECP, tryp-
tase, IL-8, and IgA normally used to construct standard
curves were assayed in the presence and absence of 5 mM
DTE. For histamine, ECP and tryptase the same con-
centrations were used to spike sputum samples processed
with PBS and DTE to test mediator recovery in pooled
samples. For IL-8 recovery, experiments were performed
with three separate sputum samples using one concentra-
tion of IL-8 (5 ng-mL™) for spiking which, based on
previous experience [9], would give a total amount of 1L-8
that is still within the standard curve of the assay. In these
samples, both free and total IL-8 were measured, the latter
with a commercially available ELISA (PeliKine, Euro-
genetics, Hampton, UK). Spiking experiments could not
be performed for complexed IL-8 because of the unav-
ailability of purified complexes.

Effect of temperature during sputum processing on cell
counts and mediator levels

In a separate group of 11 asthmatics, sputum cell counts
and levels of ECP and histamine in the sputum fluid phase
were compared in samples split and processed with DTE
for 30 min either at room temperature (22°C) or in a water
bath at 37°C. Mediator analysis was performed as de-
scribed above.

Effect of DTE on in vitro mediator release

ECP release by peripheral blood eosinophil. The effect
of DTE on eosinophil activation was studied by meas-
uring ECP release by >99% pure eosinophils obtained
from seven atopic subjects by negative immunomagnetic
cell separation [16]. Cells (1 x 10°) were incubated for
30 min at 22 or 37°C in either 500 uL of 5 mM DTE
in Hank’s buffered saline solution (HBSS) containing
1.25 mM Ca?" and 0.5 mM Mg>" (Gibco, Paisley, UK)
or 500 uL of HBSS alone as a control. Any reaction
was stopped by placing the tubes into ice. The tubes
were centrifuged at 800 x g for 10 min at 4°C, the sup-
ernatant removed and stored at -20°C.

Histamine release by peripheral blood basophils. His-
tamine release by peripheral blood basophils was studied
as previously reported [17]. Mononuclear cell prepara-
tions containing 5-10% basophils were obtained from
six atopic donors by density centrifugation of 50 mL of
blood anticoagulated with ethylenediaminetetraacetic acid
(EDTA; diluted 1:1.5 with 0.9% saline) on Percoll
(Pharmacia Biotech Ltd., St Albans, UK) at 175 x g for
15 min at room temperature. The cells were washed
twice in PIPES buffer (Sigma, Poole, UK) containing
0.003% (w/v) albumin and 0.1% (w/v) glucose (PAG)
and resuspended in PAG supplemented with 1 mM
CaCl, and 1 mM MgCl, (PAGCM) at 2 x 10* cells-mL""
for the histamine release assay.
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The cells were incubated with 5 mM DTE in the
presence or absence of 4.5% saline. Histamine release was
allowed to proceed for 45 min at room temperature or
37°C. In four experiments increasing concentrations of
DTE (0.05, 0.5 and 5 mM) were used. At the end of the
experiment, the tubes were centrifuged at 150 x g for 3 min
at room temperature, and aliquots of the cell-free super-
natant harvested and kept at -20°C until analysis by
automated fluorometry. The results were expressed as a
percentage of total histamine release in samples lysed with
5% trichloroacetic acid.

Histamine release by BAL metachromatic cells. Be-
cause of possible differences between blood basophils
and histamine-releasing cells in the airways, in six ex-
periments histamine release from metachromatic cells
(mast cells and basophils) recovered by BAL was as-
sessed from individuals undergoing diagnostic bronchos-
copy using methods previously described [18]. As with
blood, experiments were performed at room temperature
and 37°C. BAL cells (1 x10° were incubated for 30
min in 250 pL of either HBSS or 5 mM DTE in HBSS
(both containing Ca*" and Mg?"). After stopping any re-
action in ice, the tubes were centrifuged at 400 x g at
4°C, supernatants removed and diluted twice in perchlor-
ic acid (0.8 M) and stored at -20°C until assay. Hista-
mine was measured and results expressed as for blood.

Statistical analysis

The cytology and mediator/protein levels were expres-
sed as median (range) and comparisons between treatments
made by the Wilcoxon rank sum test. Results of cytospin
quality and mediator release in vitro were expressed as
mean+seMm and difference between DTE and the buffer
assessed by a paired Student’s t-test. The intraclass
coefficient of correlation provided an estimation of the
agreement between treatments. This was calculated by a
repeated one way analysis of variance (ANOVA) and
represented the following ratio: variance between subjects
- residual variance/variance between subjects + residual
variance + 2 (variance within subjects) [19]. Its value can
vary between -1 and +1 and a value >0.6 reflects good
agreement between two measurements [20]. In addition,
differences in mediator levels between sputum processed at
22 or 37°C as well as those in the extent of in vitro
mediator release between DTE and HBSS were shown
graphically by plotting the difference against the mean as
recommended by Branp and ArtMan [21]. The relation-
ships between sputum ECP and absolute eosinophil
numbers in several experimental conditions were assessed
by linear regression after log transformation of the data.
Slopes and y-intercepts were compared by analysis of
covariance.

Results
Sputum osmolarity and electrolyte concentrations
In four randomly chosen sputum specimens, the Na"

concentrations were 136, 191, 36, and 28 mM, the CI”
concentrations were 132, 192, 35, and 27 mM, the Ca*"

concentrations were 0.09, 0.28, 0.24, and 0.23 nM, and the
Mg2+ concentrations were 0.05, 0.12, 0.09, and 0.05 nM,
respectively. The osmolarity in the same specimens was
268, 361, 86, and 70 mosmol.

Effect of processing with PBS or DTE on cell counts
and mediator levels

Differences between DTE- and PBS-processed sputum
regarding cell counts and mediator levels were seen
regardless of whether the samples were from asthmatics or
healthy subjects. Processing of sputum with DTE in-
creased total cell recovery by a mean 90% and the number
of nonsquamous cells by a mean 123% without affecting
their viability (table 1). Furthermore, the use of DTE
decreased the proportion of squamous cells in the cellular
suspension by 46% without an effect on differential
counts of nonsquamous cells. The quality of the cytospins
was significantly (p<0.01) better in DTE-processed sam-
ples (mean quality score: 3.3+£0.5 versus 1.6+0.4 in PBS-
treated sputum).

The levels of ECP, tryptase, IgA and SC were also
significantly higher, but the concentrations of histamine
significantly lower in DTE-treated samples. There were no
differences in the levels of either free IL-8 or IL-8
complexed to IgA (table 2).

When added to assay buffers at a final concentration of 5
mM, DTE had no effect on the immunoassays for his-
tamine, tryptase, IL-8 and IgA, but reduced the detection of
ECP by between 30 and 50% as judged by the effect of
DTE on the standard curve for these mediators (fig. 1).
However, the recovery of histamine, ECP and tryptase
after spiking the sputum was complete and similar in sam-
ples treated with DTE or PBS (fig. 1). Free IL-8 added to

Table 1. — Total and differential cell counts in sputum
samples treated with phosphate-buffered saline (PBS) or
dithioerythritol (DTE) at room temperature

PBS DTE  p-value r
Weight of sputum g 2.24 2.06 0.51 -
(0.54-5.03) (0.34-4.95)
Total cell counts 0.70 1.33% 0.001 0.00
x10%.g! (0.17-2.17)  (0.54-13)
Squamous % 11 6* 0.01 0.00
(0-45) (0-15)
Total excluding 0.56 1.25* 0.002 0.00
squamous X10%g™!  (0.14-2.13) (0.53-13)
Viability % 63.5 69 042 0.39
(33-100) (28-93)
Macrophages % 54.8 62.4 0.51 041
(19.7-93.4) (16.7-89.3)
Lymphocytes % 2.5 2.3 0.96 0.46
(0.3-8) (0.6-6.4)
Neutrophils % 27.3 22.8 0.82 0.21
(4.3-46) (7.3-46)
Eosinophils % 2 23 048 0.89
(0-60.3) (0-48)
Epithelial cells % 2.6 2.2 0.13 -0.01
(0-24) (0.3-7.7)

Results are expressed as median (range). *: indicates a signi-
ficant difference between the two types of processing. p-values
are calculated by Wilcoxon test and indicate the significance of
differences between PBS and DTE-processed samples. r
indicates the value of the intraclass coefficient of correlation.
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Table 2. — Concentrations of soluble parameters in sput-
um processed with either phosphate-buffered saline (PBS)
or dithioerythritol (DTE) at room temperature

Mediators/proteins PBS DTE p-value r

ECP ng-mL™ 3.6 12.8%  <0.0001 0.00
(<2-121)  (4.2-2920)

Tryptase ng-mL™! 3.5 8.8%* 0.04 0.14
(1.2-10)  (2.1-13.6)

Histamine ng-mL™"' 247 0.95% 0.03 041
(0.5-7.1)  (0.1-5.5)

IgA mg-mL"! 8.6 16.3* 0.015 0.22
(2.7-43)  (3.9-37.2)

SC mg-mL"! 1.2 3.6% 0.008 0.16
(0.4-7.5)  (0.6-7.5)

IL-8 pg-mL" 0 0 0.84 0.89
(0-394) (0-527)

IL8/IgA OD 0.27 0.45 0.45  0.40

(0.13-1.46) (0.19-1.28)

Results are expressed as median (range). *: indicates a signi-
ficant difference between the two types of processing. p-Values
are calculated by the Wilcoxon test and indicate the significance
of the difference between PBS and DTE-treated samples. r
Indicates the value of the intraclass coefficient of correlation.
ECP: eosinophil cationic protein; Ig: immunoglobulin; SC: sec-
retory component; IL: interleukin; OD: optical density.

sputum was largely (95.244.4%) undetectable when spu-
tum was treated with PBS. Significantly more free IL-8
(38.3£12.3%) was detected on processing with DTE.
However, recovery of total IL-8 was complete in both
DTE- and PBS-processed sputum.

Effect of temperature during sputum processing

Processing of sputum with DTE either at 22 or 37°C
resulted in similar cell counts and cell viability (table 3).
Similarly, there were no differences in sputum histamine
and ECP concentrations when comparing samples pro-
cessed at room temperature or 37°C, with intraclass
coefficients of correlation being 0.82 and 0.94, respec-
tively (fig. 2).

Effects of DTE on mast cell, basophil and eosinophil
mediator release in Vitro

The results of mediator release in the presence or ab-
sence of DTE at 22 and 37°C are shown in figure 3 as
differences between observed concentrations obtained
under the different experimental conditions plotted against
the mean according to BrLanp and Artman [21]. When
experiments were conducted at room temperature, 5 mM
DTE failed to release ECP from peripheral blood eo-
sinophils and histamine from peripheral blood basophils or
BAL metachromatic cells (fig. 3). The combination of 5
mM DTE and hypertonicity (4.5% NaCl) similarly failed
to stimulate histamine release from basophils (1.2+0.7 net
release above spontaneous, p>0.05). Although DTE was
unable to trigger significant ECP release from eosino-
phils, it caused significant release of histamine from BAL
cells (8+3% above spontaneous, p<0.05) and blood baso-
phils (40+10% above spontaneous, p<0.05) when experi-
ments were carried out at 37°C (fig. 3). Additional
experiments using blood basophils showed that DTE
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Fig. 1. — Results of spiking experiments to study the recovery of a)
eosinophil cationic protein (ECP), b) tryptase, and c¢) histamine from
sputum treated with dithioerythritol (DTE; @) or phosphate-buffered
saline (PBS; O). In all instances and at all concentrations the recovery
was close to 100%. Superimposed on the figures are the effects of DTE
on the immunoassays themselves, showing amounts of mediators added
to a solution of 5 mM DTE made in buffers (shown on the x-axis) plotted
against the amounts detected (y-axis) (A).

induced histamine release in a concentration-dependent
manner (net release: 18+8% at 0.05 mM, 32.4+£10% at 0.5
mM and 33.8+8.7% at 5 mM) and by a Ca®’-dependent
mechanism, since the release of histamine was comple-
tely abolished in a milieu without Ca** (data not shown).
The amount of histamine release induced by 5 mM DTE
when Ca”" concentrations were adjusted to be similar to
those measured in sputum (0.2 mM) was 60% of the
release induced by DTE in PAGCM containing 1 mM
Ca*" (data not shown).
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Table 3. — Total and differential cell counts and mediator
levels in sputum processed with dithioerythritol (DTE) at
either 22 or 37°C

22°C 37°C p-value r
Weight g 3.46 3.36 0.68 —
(1.02-4.80)  (0.98-5)
Squamous % 10 9 0.55 0.57
(3-42) 3-27
Total non squa- 1.28 1.11 0.27 0.59
mous X10°.g™! (0.34-3.72)  (0.45-2.73)
Viability % 73.5 72.5 0.73 0.62
(66-90) (64-89)
Macrophages % 51.5 51.5 0.84 0.96
(13-81) (14-75)
Lymphocytes % 1.1 1.8 0.20 0.69
(0.2-4.8) (0.2-5.4)
Neutrophils % 24.7 33.1 0.19 0.94
4-77.2) (6.8-75.2)
Eosinophils % 8.8 9.8 0.74 0.96
(0.4-34.8)  (0.4-30.4)
Epithelial cells % 2.9 2 0.13 0.77
. (0-31.8) (0-30.6)
ECP ng-mL” 206 218 0.32 0.94
(14.3-1384) (10.5-1680)
Histamine ng-mL"' 3.07 2.86 0.28 0.82
(0.97-2.89) (1-4.64)

Results are expressed as median (range). ECP: eosinophil
cationic protein. p-values are calculated by the Wilcoxon test
and indicate the significance of the difference between sputum
processed with DTE at 22 or 37°C. r indicates the value of the
intraclass coefficient of correlation.

Relationship between sputum eosinophil numbers and
sputum ECP levels

Irrespective of the method of homogenization (PBS or
DTE) and temperature at which this was conducted (22 or
37°C), the concentration of ECP measured in the fluid
phase correlated strongly and significantly with the ab-
solute numbers of sputum eosinophils (fig. 4). Similarly,
the lines of regression for these two parameters did not
differ with respect to their slope or their y-intercept when
comparing the different conditions of sputum processing.

Discussion

This study validates the use of DTE as a mucolytic agent
for processing induced sputum. In addition to showing that
it improves cytological analysis and detection of media-
tors, it was shown that DTE does not induce the release of
ECP by eosinophils or histamine by basophils and mast
cells when the processing of sputum is conducted either at
room temperature or 37°C. The increased quality of
cytospins, recovery of cells and detection of ECP, tryptase,
IgA and SC in the absence of an effect on differential cell
counts or cell viability are likely to be due to improved
sputum homogenization and, as a result, release of cells
and mediators from mucus clumps. These observations are
in keeping with those of EFTHMIADIS ef al. [22] for DTT,
the isomer of DTE. They are relevant not only because the
cell counts reflect more accurately the degree of cellular
infiltration, but also because the use of DTE provides more
cells for additional studies such as flow cytometry [9, 23,
24].
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Fig. 2. — Bland and Altman plots for sputum: a) eosinophil cationic prot-
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22°C in 11 asthmatics. : mean difference obtained by the following
formula, levels at 37°C - levels at 22°C. - - - - : £2sp for the differences
between 37 and 22°C. r indicates the intraclass coefficient of correlation.

One of the aims of this study was to clarify whether
DTE and the hypertonicity of saline may have a direct,
activating effect on inflammatory cells. Whilst concentra-
tions of salts in sputum were sufficient for cell activation,
the osmolarity (<360 mosmol in all samples studied) was
below the threshold required to degranulate mast cells and
basophils in vitro (400 and 600 mosmol, respectively) [14].
In addition, the combination of hypertonicity of the saline,
which probably exceeds that of the final solution in the
bronchial lining fluid, and DTE was shown to be unable to
induce degranulation of blood basophils in vitro. Thus, it is
unlikely that hypertonicity plays any role in a putative ex
vivo histamine release during sputum processing.

On its own DTE caused noncytotoxic calcium-depen-
dent degranulation of lung mast cells and blood basophils
when experiments were conducted at 37°C (not at room
temperature), but had no effect on ECP release by blood
eosinophils. This raised the possibility that processing at
37°C may result in continued histamine release whilst
sputum is homogenized. However, no differences were
noted in either the levels of histamine or ECP in sputum
processed at 22 and 37°C, with high intraclass coefficients
of correlations for the two mediators. This would either
suggest minimal contribution of any released histamine to
the total amount detected at 37°C or the presence of an
abundant substrate for DTE in mucus.
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at 37°C (b, d and f) with dithioerythritol (DTE; 5 mM) or Hank's buffered saline solution (HBSS).

: the mean difference obtained by the following

formula, mediator release with DTE - mediator release with HBSS. - - - - : £2sp for the difference between DTE and HBSS. r-value indicates the
intraclass coefficient of correlation and p-value indicates the significance of the difference calculated by a paired Student’s t-test. Significant differences
are noted for histamine release from both basophils and BAL mast cells when comparing 22 to 37°C, with release being higher at 37°C.

Further evidence that DTE does not cause significant
cell activation is the finding of close correlations between
eosinophil counts and concentrations of ECP in the sputum
fluid phase and the fact that the lines of regression for these
two parameters did not differ with respect to slope or y-
intercept when comparing both samples processed with
DTE and PBS and at different temperatures. Nevertheless,
based on the experiments with basophils and mast cells in
vitro it is probably prudent to conduct sputum processing at
room temperature rather than at 37°C so as to be absolutely
confident about not causing cell activation. The authors are

not aware of any specific reasons for processing sputum at
37°C other than the recommendation by the manufacturers
of these reducing agents, but the present comparison of
sputum analyses does not suggest any substantial ad-
vantage of processing at 37°C.

DTE was also found to have no effect on the immuno-
assays for histamine, tryptase, IgA and IL-8, although it in-
terfered with the fluorometric enzyme immunoassay used
to measure ECP. To what extent the latter effect is import-
ant is not clear, but the lack of any significant difference in
ECP between PBS- and DTE-treated samples suggests that
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Fig. 4. — Relationship between sputum eosinophil numbers and eosinophil cationic protein (ECP) levels. The relationship in a mixed group including
nine healthy subjects and nine asthmatics whose sputum was treated with dithioerythritol (DTE; a) or phosphate-buffered saline (PBS; b) at 22°C is
shown, along with the relationship in 10 asthmatics whose sputum was treated with DTE at 22°C (c) or 37°C (d). The linear equation of the regression

line is given as well as the Pearson’s coefficient of correlation.

the abundant mucus present in sputum may bind sufficient
DTE to stop its interference with subsequent assay.

As it was found that DTE failed to induce histamine
release from BAL mast cells at room temperature, it is
believed that the improved detection of tryptase, a specific
marker of mast cell activation, in DTE-treated samples also
reflects better mucolysis. Differences in dissociation of
mediators from mucus by DTE and PBS are likely to
depend on several factors such as size and electrical
charge, which determine their ability to form complexes
with negatively charged mucus glycoproteins. This is
indicated by an inability to detect added IL-8 in its free
form unless the samples were treated with DTE, which
suggests binding and masking of free IL-8 by macro-
molecules. Even with DTE, recovery was low when as-
saying for free IL-8, but was complete when using a kit
which detects total IL-8. This highlights the need to
consider which epitopes are recognized by the primary
antibodies in antibody-dependent assays when analysing
sputum. The influence of DTE on protein detection in spu-
tum may be less important for complexes with molecules
other than glycoproteins, as suggested by the absence of
any difference between DTE- and PBS-treated samples
with respect to levels of IL-8/IgA complexes, the pre-
dominant form of IL-8 in airways secretions. It has been
found that DTE does not release IL-8 from complexes with
IgA found in colostrum (unpublished observations), where-
as the results shown herein clearly indicate that IL-8 bound

to mucins is released by DTE. Previous studies have
shown similar levels of IL-5 and IL-8 in DTE- and PBS-
treated samples [22], but these results have to be
interpreted as measures of total cytokine. The absence of
free IL-8 detected in most subjects (median 0) is probably a
reflection of its binding to IgA, although it is apparent that
rare individuals have detectable free IL-8 which has
evaded both binding to IgA and other macromolecules. In
stark contrast, the levels of histamine were significantly
lower in the DTE-treated samples. This may be related to
more rapid degradation by increased activity of histamin-
ases or interference with histamine secretions from an
additional source such as bacteria [25]. The fact that DTE
had no effect on the immunoassay for histamine rules out
any reduction in the ability to detect this mediator.

In conclusion, the use of dithioerythritol facilitates
sputum analysis for cell counts and a number of mediators
which are now routinely used in research without causing
cell activation. It is recommended that processing with
dithioerythritol be conducted at room temperature. It
remains to be seen whether this reducing agent might have
an adverse effect on the ability to detect other potentially
important molecules.
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