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Sputum cellular indices are valid, reliable and
responsive to change [1–7]. Increasingly, numerous
inflammatory mediators are being measured in the
fluid phase of sputum; these include cytokines,
chemokines, granulocyte proteins, markers of vascu-
lar leakage, eicosanoids, proteases and others. Many
of these mediators are included in table 1, which gives
details of methods used by investigators to process
sputum and measure mediator levels. The table also
provides the median/mean levels measured in studied
subject groups to give an indication of the expected
levels of these mediators in sputum. However, the
reproducibility, precision and validity of many of
these measurements in sputum have not been inves-
tigated and, therefore, their utility as a research
and clinical tool remains uncertain and requires
confirmation.

The following issues are important in the analysis of
mediators: 1) choice of methods for measuring fluid-
phase mediators; 2) points to consider when planning
an immunoassay; and 3) evaluation of the measure-
ment of a soluble mediator in sputum, i.e. validation
of the measurement method.

Methods for measuring fluid-phase mediators

The three main types of method used for the
measurement of sputum fluid-phase mediators are
bioassays, enzyme assays and immunoassays.

Bioassays

Bioassays rely on the retention of biological activity
and the ability to exert a measurable effect, such as
proliferation of cells, bone marrow colony formation
or chemotaxis [3, 11, 58]. Sputum processing with
mucolytics such as dithiothreitol (DTT) or dithioery-
thritol, which are strong reducing agents, may
decrease the biological activity of cytokines, many of

which rely on disulphide bonds to provide a stable
structure for bioactivity. Bioassays also have the dis-
advantage of being inconvenient, time-consuming and
lacking in specificity [59]. In addition, the presence of
commonly occurring endogenous cytokine inhibitors,
although allowing an estimate of net activity, may
result in significant underestimation of total cytokine
levels [58].

Enzyme assays

Many of the mediators of the inflammatory
response are enzymes, released from cellular sites of
synthesis into an environment replete with enzyme
inhibitors. Again, an estimate of net activity is
important when evaluating their potential contribu-
tion to tissue responses. The proteases neutrophil
elastase [20, 22, 60, 61], cathepsin G [20, 61] and
cathepsin B [22] have been assayed in sputum using
specific chromogenic substrates, from which proteases
release a coloured product that can be quantified
spectrophotometrically. Net protease activity is deter-
mined using purified enzyme standards. Active forms
of matrix metalloproteinases in sputum are identified
by means of substrate gel zymography, and net
activity can be quantified using radiolabelled sub-
strates [62]. Other proteases, such as chymase and
tryptase, are less robust. Their activity rapidly
diminishes on freezing/thawing sputum samples, and
immunoassays are the best means of detecting them
(see below).

The activity of enzymes involved in oxidant/
antioxidant balance, myeloperoxidase (MPO)
[60, 61, 63] and catalase [63], similarly can be mea-
sured in sputum using spectrophotometry. The
presence of sulphated glycoconjugates and deoxyri-
bonucleic acid (DNA) in sputum in severe asthma [64]
may inhibit MPO activity [63], and immunoassays
carried out in parallel may also be required. However,
studies in which sputum was spiked with MPO have
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yielded better recovery in the enzyme assay than the
immunoassay [21].

Immunoassays

Immunoassays are the method of choice for
measuring sputum fluid-phase mediators because of
their convenience, reproducibility and specificity.
Their sensitivity is improving, and now approaches
that of bioassays. A full description of the theoretical
basis of immunoassay is beyond the scope of this
report; however, the most widely used are competi-
tive radioimmunoassays (RIAs), using radiolabelled
antigen, and immunometric assays such as enzyme-
linked immunosorbent assays (ELISAs), which use
enzyme-labelled antibodies.

Immunoassays are indirect methods whereby the
concentration of analyte is measured with respect
to a parameter related to its concentration, using
either counts per minute (radioactivity) or the optical
density of the product of the antibody-linked enzyme
at a certain wavelength [65]. In competitive assays,
the concentration of mediator present in the sample
is inversely proportional to the radioactivity
(RIA), whereas, in immunometric assays, the media-
tor concentration is proportional to the optical
density of the product formed by the conjugated
enzyme (ELISA). The concentration of the mediator
is calculated with reference to a standard curve
constructed by serial dilution of a standard mediator
preparation. Since the standard is often a recombinant
protein, its structure and degree of glycosylation and
amidation depend on how it is produced [58]. There-
fore, the antibodies used often have different affinities
for the standard as opposed to the endogenous
mediator. Standardisation between different assays
for valid comparisons is, therefore, problematic [66].
In response to this, the World Health Organization
Consultative Group on Cytokines is assigning Inter-
national Standards or Reference Reagents [67–69] for
each known cytokine, which are intended to be used
to calibrate secondary and working standards. This
will eventually allow valid interassay comparisons.
Similar standards are also required for immunoassays
of other soluble mediators [70].

Points to consider when planning an immunoassay

Immunoassay is the commonest means of measur-
ing mediator levels. Therefore, its use is considered
here in detail, although some of the following points
could be applied to bioassays and enzyme assays.
It is imperative that factors affecting the validity of
the assay be recognised and controlled for, including
those specific to: 1) the assay itself; 2) the soluble
mediator being measured; and 3) the unique nature of
sputum and the method used to process it.

Factors specific to the assay

The ease of production of monoclonal antibodies
as well as recombinant antigens has permitted the

development of numerous commercial and labora-
tory-specific ("in-house") immunoassays, particularly
ELISAs. The immunoassay operator should be trained
in the application of immunoassays and be able to
troubleshoot [71]. Variability between production
lots should be minimal, and the operator should be
satisfied that the laboratory or company supplying the
kits is reliable. Information on the validity, sensitivity,
specificity, cross-reactivity, predictive value and pre-
cision of each assay should be available [21, 71], but
additional quality control and optimisation often need
to be performed by the operator. The sensitivity of
the assay refers to the lowest concentration that can
be reliably detected above the background, and is,
therefore, its detection limit. It is usually expressed
as the amount of analyte detectable per millilitre.
However, some manufacturers convert this figure to
the amount of analyte per well, which is a much
smaller figure, and it is necessary to be aware of this.
The lowest standard suggested by the manufacturer
is usually the detection limit of the assay, although
operators can test this for themselves. The stability of
reagents such as the standard used in the assay should
be ensured by storage at the correct temperature.
If necessary, the standard should be stored frozen in
aliquots so that it is not continually subjected to
freezing and thawing. Internal laboratory controls
should be used routinely in each assay so as to
determine intra- and interassay variability in the
hands of the user.

Factors specific to the soluble mediator

Cytokines are often bound to various molecules
present in biological fluids (such as soluble receptors,
a2-macroglobulin and autoantibodies), and these are
usually present in excess [72–78]. A cytokine may not
be recognised by the capture antibody of the assay if
the relevant epitope is hidden when the cytokine is
bound within a complex. Polyclonal capture anti-
bodies recognise several epitopes and, therefore, may
be more effective in detecting complexed cytokines.
Competitive assays using monoclonal antibodies are
likely to be more accurate in the presence of com-
plexed cytokine but are not widely available. Chemo-
kines, such as interleukin (IL)-8, are small highly basic
proteins, with an affinity for acidic negatively charged
molecules, such as heparin, that are present in sputum
samples [79]. Heparin inhibits the chemotactic func-
tion of soluble IL-8 in vitro [80], although binding
does not necessarily imply an effect on function.
Using gel filtration chromatographic analysis of IL-8
in sputum samples, very high-molecular-weight forms
[81] that no longer bind to heparin are found, and
these include IL-8 bound to a2-macroglobulin [80, 81],
immunoglobulin A [82], DNA [83] and actin [83].
These high-molecular-weight molecules not only
potentially mask detection of IL-8 in immunoassays
[83] but also affect the function of this chemokine.
DNA is present in relatively high concentrations in
sputum from patients with severe asthma [64], chronic
obstructive pulmonary disease [85] and cystic fibrosis
[64, 85]; this may inhibit the function of IL-8 in
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sputum [85]. These factors should be recognised when
interpreting results.

Factors specific to the unique nature of sputum and
the method used to induce and process it

The unique nature of sputum. Many of the assays used
to measure soluble mediator levels in sputum have been
developed for serum or culture supernatants. However,
in being a mixture of mucus, cellular degradation
products, DNA, substances secreted by airway cells
(including proteases, soluble receptors, autoanti-
bodies, and binding and carrier proteins), and inflam-
matory and epithelial cells, sputum cannot be assumed
to be equivalent to either of these. Sputum, like all
biological fluids, may produce matrix effects in assays
by alteration of pH or ionic strength. Spontaneously
expectorated sputum from patients with infective
bronchitis, bronchiectasis or cystic fibrosis is even
more complex due to high levels of viscid DNA and
actin released from necrotic inflammatory cells in
addition to high concentrations of proteases [57]. As
mentioned in the Factors specific to the soluble mediator
section, a2-macroglobulin, which is present in sputum,
binds certain cytokines (platelet-derived growth factor,
IL-2, IL-1b, IL-6, tumour necrosis factor-a (TNF-a),
interferon gamma and IL-8), and may interfere with
the recognition of cytokine epitopes by the assay [86].

The method used to obtain sputum. Induced versus
spontaneous sputum. Fibrinogen levels have been
found to be increased in spontaneous expectorated
samples compared to induced sputum [87]. There is a
trend towards increased eosinophil cationic protein
(ECP) levels in spontaneously expectorated sputum.

Factors that affect detection in induced sputum.
b2-Agonist pretreatment. Histamine levels are
slightly reduced after salbutamol pretreatment (as
might be expected given the mast cell-stabilising
properties of salbutamol), but ECP levels are
unaffected [88].

Concentration of saline solution. One study looked
at the effect of isotonic or hypertonic saline induction
on ECP and histamine levels and found no effect [89].

Duration of inhalation. Since it has been shown
that the composition of sputum changes as induc-
tion time increases (the proportion of granulocytes
is reduced and that of macrophages and lympho-
cytes increased), it would be expected that concen-
trations of mediators might also change. During a
20-min induction, 4-min portions of sputum were
examined and ECP and mucin-like glycoprotein
levels found to be decreased, with surfactant pro-
tein A levels increasing during induction [90]. This
suggests that, if the study of proximal bronchial
secretions is the objective, it is best to analyse
samples collected early on in the induction. Similar
findings were obtained in another study, in which
the induction lasted 30 min; the concentration of

ECP decreased in sputum collected sequentially
every 10 min [91].

Methacholine challenge. One study found no effect
of methacholine on ECP or albumin level when
challenge was performed 1 h before sputum induc-
tion [92]. Another study found that methacholine
challenge results in a small, but significant, increase in
measured a2-macroglobulin levels [32].

Repeated induction. One study showed that ECP
concentration increases along with neutrophil
number [93] when sputum induction is repeated
after 24 h. A 30-min period between inductions was
found to have an effect on IL-8 measurements [94].

Method used for sputum processing. Delay before
processing. This has not been systematically inves-
tigated, but recommendations are that sputum be
processed as soon as possible and kept at 4uC in
the meantime.

Selected sputum versus entire expectorate. As stated
in the article entitled "Methods of sputum pro-
cessing for cell counts, immunocytochemistry and
in situ hybridisation" [95], two main methods are used
for the processing of sputum: selection of viscid
portions, in an attempt to minimise contami-
nation by saliva, and processing of the entire
expectorate, which contains variable amounts of
saliva. Salivary contamination is often reduced by
spitting out saliva separately during induction. Saliva
generally contains much lower levels of ECP, tryptase,
mucin-like glycoprotein, lactoferrin, DNA, elastase,
a1-antitrypsin, fibrinogen and albumin than unselected
sputum [17, 26, 57], but histamine and endothelin-1
levels have been found to be higher in saliva than in
unselected sputum [26, 44]. ECP levels have been
found to be higher in selected portions of induced
sputum than in the entire expectorate [96, 97]. The
repeatability (in repeated sputum samples from the
same subject) of measurements of albumin, fibrinogen,
IL-8 and ECP has been found to be good in
unselected/entire expectorates from asthmatics [3]. The
repeatability in selected sputum of measurement of
ECP, major basic protein, albumin and fibrinogen has
been also good (intraclass correlation coefficient (ICC)
of w0.8) but not as good for IL-5 (ICC 0.69) and
tryptase (ICC 0.6) [2]. Further studies, comparing the
repeatability of mediator measurement in samples
processed by both methods, need to be conducted.

Dispersal method. Because of its viscid nature,
sputum requires dispersal in order to permit extrac-
tion of mediators into the fluid phase. Further-
more, solubilisation of mucus enables more
complete removal of cells and debris which, if left
in the supernatant, continue to release mediators.
Inadequate dispersal results from suspending the
sputum in saline and agitating and rocking the
sputum [9], which results in lower cell counts and
ECP [98], IL-8 [83] and MPO (J. Shute,
unpublished data) levels. This suggests binding of
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these mediators to negatively charged mucins that
are sensitive to sulphydryl reducing reagents such
as DTT. Although DTT achieves good dispersal of
most sputa, it may reduce disulphide bonds present
in several mediators [99], such as IL-1, -7, -10 and
-12, chemokines (monocyte chemotactic proteins
and eotaxin), granulocyte-macrophage colony-
stimulating factor, transforming growth factor-b
(TGF-b), the interferon family, TNF-a, vascular
cell adhesion molecule-1, the selectin family and
a2-macroglobulin [100–104]. Theoretically, DTT
may also interfere with the disulphide bonds
present in the capture antibodies of immunoassays,
disrupting them and resulting in decreased assay
sensitivity. Dithioerythritol is the optical isomer of
DTT and exhibits similar actions.

In experiments using ultrasonication to disperse
sputum followed by addition of DTT (final concen-
tration 5 mM) to aliquots of sputum, DTT has been
found to have no effect on ECP or eosinophil protein
X (EPX) level but reduces recovery of eosinophil
peroxidase and MPO [105]. In spiking studies, DTT,
when added for sputum processing, does not interfere
with measurement of ECP, EPX, IL-8, tryptase or
immunoglobulin A [2, 9]. However, fresh DTT added
to the ECP standard interferes with the radioimmu-
noassay, suggesting that the activity of the DTT is
reduced after it has dispersed the sputum and been
frozen and thawed. In spiking experiments, DTT
has not been shown to affect measurement of IL-5
[2, 106, 107]. Good reproducibility (ICC 0.93) of
TNF-a concentrations over a 2-week period has been
found for samples dispersed with DTT. Conversely,
the ICC is only 0.69 when sputum from the same
subjects is ultracentrifuged only (V. Keatings, unpub-
lished data). The levels detected in the ultracentrifuged
samples werey10% of those processed with DTT.

Other types of chemical dispersal using enzymes
[108] have not yet been fully evaluated, and the effect
of enzymes on soluble mediator levels is unknown.

Physical methods of dispersal using ultracentrifuga-
tion [8], glass homogenisation [33] or ultrasonication
[105] may be used. Ultracentrifugation, with separa-
tion into a sol and gel phase, may exclude mediators
that remain bound to the gel phase [109], and media-
tors may "stick" to glass beads. These methods have
the disadvantage of cell disruption with release of intra-
cellular mediators; samples processed in this manner
are not suitable for estimation of cellular indices.

Temperature during processing. The processing
temperature varies from 4uC (on ice) to room tem-
perature and 37uC. Its effects on mediators have
not yet been fully investigated, but it does not
appear to affect ECP, EPX, eosinophil peroxidase
or MPO levels [9, 105].

Osmolarity. Increasing osmolarity of processing
fluids has been shown to increase ECP levels in
sputum supernatant [110].

Loss of mediators to nonspecific binding sites on
filters and tubes. The dispersed cell suspension is
commonly filtered to remove clumps of mucus and

debris, and a proportion of the soluble mediators
may be lost to nonspecific binding to the filter or
the sides of tubes. This has been found to be in the
order of 15% overall for IL-5 when selected sputum
is spiked with radiolabelled IL-5 [111]. High dilu-
tion of the sample during processing may increase
this loss. In addition, if there is poor dispersal, this
may be aggravated by filtration, with the mediator
remaining bound to nonfiltered mucus. Filters and
tubes should be made from material that does not
stick to protein, polypropylene tubes being superior
in this respect to polycarbonate or glass ones. For
highly cationic proteins such as ECP, it is advisable
to dilute the sample before storage and assessment
with a buffer containing the cationic detergent
cetyltrimethylammonium bromide (CTAB; 0.2%)
(see appendix).

Centrifugation. High centrifugal forces may result
in activation of cells and release of mediators; a
centrifugal force of 4006g is recommended.

Storage time and temperature. Supernatants should
be stored in airtight tubes at -70uC. ECP has
been shown to be stable for 72 h at 4uC or 6 h at 25uC
[105], and is most stable if 0.4% CTAB is added (see
appendix). In addition, repeated freeze/thaw cycles
should be avoided. Therefore, if several mediators are
to be measured, the supernatant should be frozen in
aliquots.

Use of reagents to maximise levels of specific
mediators. For some mediators, special treatment
has been shown to result in better recovery. For
example, TGF-b is present in latent form and
requires acid activation for quantification of total
TGF-b. The addition of CTAB to sputum samples
during processing extracts intracellular proteins, e.g.
ECP and MPO, and provides an estimate of the total
content of the sample (see appendix) [112, 113].
Storage of supernatant for later measurement of
ECP and MPO is optimised by addition of 0.4%
CTAB to the supernatant. (The addition of CTAB
is not recommended if other mediators are to be
measured.) Processing sputum after addition of
protease inhibitors has been shown to improve
measurement of IL-5 (see appendix) [114].

Evaluation of the measurement of a soluble mediator
in sputum

Bearing in mind the factors considered above,
the discussion now focuses on the evaluation of the
measurement of a specific soluble mediator in sputum
and the questions that should be asked (fig. 1).

Is the measurement in sputum valid?

The validity of a measurement is best established by
comparison to a gold standard, but there is none
available for most mediators. Therefore, validity
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should be examined in a series of "spiking" experi-
ments [107]. This involves adding a known amount
of mediator to unprocessed sputum, processing the
sputum as usual and then measuring recovery by
immunoassay. It is important that the commercial
source of the mediator used for spiking be the same
as that used as the standard in the immunoassay.
Unspiked sputum is simultaneously processed and
assayed so that percentage recovery can be calculated.
Any factors operating to reduce the amount of spike
detected also reduce the recovery of endogenous
mediator, masking to some extent the low recovery
of the spike. However, the masking effect is usually
slight, and poor recovery should be easily detected.
The amount of mediator added to sputum should be
such that the final concentration in supernatant, if
most of it is recovered, lies on the straight part of
the standard curve, in the middle/upper range of the
limit of detection of the assay. A useful control
experiment consists of spiking phosphate-buffered
saline (PBS) containing 1% (weight/volume) bovine
serum albumin (BSA) when the sputum is spiked. This
is then frozen at the same time as the sputum super-
natant, thawed and assayed simultaneously with it.

This controls for errors due to pipetting technique and
for any effect of freezing and thawing. The sputum
should be spiked over a range of concentrations. It is
not known whether recovery differs between indivi-
duals due to differences in factors in sputum which
interfere with detection. Therefore, sputum from a
range of subjects with different clinical conditions
and degrees of severity should be used in spiking
experiments. Dilution studies should be performed
as a complement to or in combination with spiking.
If the mediator is present in high concentration, the
supernatant can be directly diluted and the mediator
assayed. If not, exogenous mediator can be added
to the supernatant after dilution and then assayed.
The dilution buffer composition should be the same as
for the standard. The concentration of mediator
measured should not change significantly after cor-
recting for dilution. If the measurement increases with
dilution, this suggests the presence of interfering
substances, such as soluble receptors of the mediator.
In addition, parallel-line studies may be performed,
whereby mediator is added to supernatant which is
then diluted. The mediator concentration can then
be plotted against absorbance, and the gradient line
should be parallel to that of the standard curve if no
interfering factors are present.

If there is good recovery (w80%) of spike, it can
be accepted that the assay is reasonably valid, and,
if endogenous mediator is not detected, it can be
assumed that there is insufficient mediator present
to be detected. If recovery is poor, the next step will
depend on whether the mediator is easily measured
or not.

What to do if validity is poor

If the mediator level is readily measured, at least
in some clinical settings, and is able to provide useful
information, it may be appropriate to continue using
the assay, accepting that a certain percentage of
mediator is being lost. However, it cannot be assumed
that the same proportion is lost in all subjects and at
all mediator concentrations, unless this is established
by spiking.

If the mediator is not readily detectable, it cannot
be assumed that the level of mediator is below the
detection limit of the assay. The following steps need
to be taken in order to ascertain the cause of poor
recovery and attempt to minimise loss.

What is the effect of dithiothreitol? The effect of
DTT on the mediator itself and on the immunoassay
antibodies should be investigated. A solution of
mediator of known concentration (in PBS contain-
ing 1% BSA) is "processed" with DTT (as for sputum)
and stored as usual. It is later thawed and assayed,
allowing the effect of DTT on the mediator to be
examined (without sputum present). DTT may have
an effect on the immunoassay itself; thus DTT is
added to the assay standard (to the same final
concentration as in sputum) and compared to the
standard diluted in the usual way with assay buffer.
In addition, if an ELISA is used, the effect on the

Fig. 1. – Evaluation of the measurement of a soluble mediator in
sputum. DTT: dithiothreitol.
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capture antibody can be checked by adding DTT to
wells coated with capture antibody and incubating
for an additional 15–30 min before washing [107].
If DTT does not affect measurement of mediator
standard, other causes of poor recovery/loss should be
considered.

Is the mediator physically lost during processing? The
mediator may be physically lost during processing by
1) binding to nonspecific sites on containers and filters,
or 2) remaining bound to nonfiltered mucus particles.
An effective means of investigating this is to spike
the sputum with radiolabelled (e.g. with iodine-125)
mediator and measure recovery of radioactivity.
Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis of the radiolabelled mediator or analytical
chromatography (alone, incubated with DTT and
processed with sputum) may be performed to deter-
mine whether degradation of the mediator has
occurred [111].

Has masking or alteration of epitopes occurred? If the
mediator is not physically lost during processing,
masking or alteration of its epitopes or those of the
antibodies used in the assay may have occurred.
If recovery of radiolabelled mediator is better than that
detected by immunoassay, it can be assumed that
the low measured levels in the latter are due to poor
immunological recognition by the antibodies. Parallel-
line analysis (dilution studies) can be used to
examine whether or not the detecting antibody of
the immunoassay is able to detect the endogenous
mediator similarly to the standard [65]. The straight
part of the standard curve is compared to that
produced by assaying serially diluted native super-
natant or supernatant with added exogenous mediator.
If the lines are parallel, it suggests that the assay is
responding to active components in the preparation
similarly. If the lines are not parallel, the presence
of a substance that interferes with recognition of
mediator epitopes by the immunoassay and which is
dilutable is suggested. This may be due to masking
of epitopes by autoantibodies [78, 115], soluble
receptors [72, 73, 116, 117] or other binding proteins
such as albumin and a2-macroglobulin [78, 86]. Specific
assays are available for the soluble receptors of only
certain cytokines, e.g. IL-2 and IL-4. Theoretically,
use of polyclonal capture antibodies (more epitopes
recognised) or competitive assays (which compete
with the interfering substance for the epitope) would
result in more sensitive measurement if interfering
substances are suspected. The addition of a non-
ionic detergent such as 2% Tween 20 may decrease
nonspecific protein interactions.

Assuming that DTT is not interfering, sputum
proteases may also be responsible for degrading the
mediator and altering its epitopes or interfering with
the antibodies in the assay. Proteases may attain high
levels in sputum, proportional to the clinical severity
of asthma [64]. There is evidence that they may be
activated by DTT, which disrupts proteoglycan bonds
and releases bound protease/antiprotease complexes
[118]. STOCKLEY and BAYLEY [21] found that the

addition of elastase to sputum resulted in decreased
levels of secretory leucocyte protease inhibitor and
MPO by immunoassay. The addition of protease
inhibitors to sputum before processing has resulted
in increased rates of detection and levels of IL-5,
suggesting that proteases are interfering substances
in some cases [114].

Full reporting of results

When reporting results, the methods used for
validation should be provided. The procedure used
to calculate the sensitivity of the assay should be
stated, and estimates below the lowest (nonzero)
standard concentration used are not valid. Reprodu-
cibility should be assessed and described in terms of
intra- and interassay variation.

Before assays of soluble mediators can be used in
a clinical situation, each laboratory needs to establish
the normal range for that mediator as well as the
levels expected in particular clinical settings.

Key points

1) The production, preparation and dispersal of
sputum can all affect the levels of soluble mediators
in sputum, and each mediator should be evaluated
individually. 2) Different sources of antibodies used
in immunological assays for soluble mediators can
produce varying results. 3) If a soluble mediator is
found to be below the level of detection of a specific
assay, it cannot be assumed that the true level of that
mediator is very low/zero unless spiking studies show
good recovery of the mediator. If spiking studies
show dramatic loss of added mediator, it should be
assumed that it is unmeasurable using that assay.
4) The measurement of soluble mediators in sputum
has been proven a useful investigative tool in airway
inflammation as long as careful attention is paid to the
use of appropriate laboratory methods and proper
interpretation of results. 5) Where indicated, spiking
experiments should be performed to validate results.
6) Sputum soluble mediator measurements reported in
studies failing to follow a rigorous methodology
should be interpreted with caution.

Outstanding questions

The following research questions still need to be
addressed: 1) the differences in levels of mediators
(other than ECP) between selected and unselected
sputum; 2) the reproducibility of measurements of
most of the mediators (apart from ECP, major basic
protein, albumin, fibrinogen and IL-8); 3) the validity
of measurements of most of the mediators in both
selected and unselected sputum (apart from ECP,
IL-5, histamine, total IL-8 and tryptase in selected
sputum and albumin, fibrinogen, IL-8 and ECP in
unselected sputum); 4) the effect of DTT on many
mediators (apart from ECP, IL-5, histamine, total
IL-8 and tryptase); 5) the effect of delay in processing
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sputum; 6) the effect of temperature (room tempera-
ture versus 37uC versus 4uC) during processing (apart
from ECP, IL-8, histamine and tryptase (room
temperature versus 37uC)); 7) the effects of dilution,
filtration and centrifugation of the sputum sample
during processing; 8) the effect of soluble receptors,
autoantibodies and other binding proteins in assays
of most mediators (apart from IL-8); 9) the effect
of proteases on most mediators; 10) the effect of
duration of sputum induction on mediators (other
than ECP and mucin-like glycoprotein) and the
optimal period of induction; 11) the effect of the
time between inductions; and 12) the proportion of
free versus bound mediator detected in each assay.

Appendix: Notes on optimal measurement of specific
mediators

Eosinophil cationic protein

If measurement of total (intracellular and released)
ECP is required, the sputum sample should be
processed with the addition of 0.4% (weight/volume)
CTAB in PBS (0.05 M sodium phosphate, 0.9%
sodium chloride, 0.05% sodium azide, 0.01 M dis-
odium ethylenediamine tetraacetic acid (EDTA), 0.1%
BSA; pH7.4¡0.05) after the dispersal step. If released
ECP alone is required, an equal volume of 0.4%
CTAB should be added to the sputum supernatant
before storing at -70uC. Further dilutions, if required,
should be made with 0.2% (weight/volume) CTAB in
PBS. All PBS and PBS-containing solutions should be
filtered through a 0.22-mM mesh.

Myeloperoxidase

The same procedure as used for ECP should be
followed. MPO is affected by freeze/thaw cycles and so
the number of these should be minimised.

Interleukin-8

Processing of sputum with DTT yields higher
concentrations of a number of basic proteins such as
IL-8 in the soluble phase than in sputum treated with
PBS; thus comparison can only be made between
samples treated in the same way.

Interleukin-5

The addition of a combination of protease inhibi-
tors to sputum before processing has been shown to
increase the levels of IL-5 detected by enzyme
immunoassay. The reagents used and their final
concentrations are 4-(2-aminoethyl)-benzensulphonyl
fluoride (2 mM), pepstatin A (1.4 mM), leupeptin
(1.0 mM) and EDTA; 1.3 mM). The effect of protease
inhibitors on other mediators has not been examined.

References

1. Pin I, Gibson PG, Kolendowicz R, et al. Use of
induced sputum cell counts to investigate airway
inflammation in asthma. Thorax 1992; 47: 25–29.

2. Pizzichini E, Pizzichini MM, Efthimiadis A, et al. Indices
of airway inflammation in induced sputum: reprodu-
cibility and validity of cell and fluid-phase measure-
ments. Am J Respir Crit Care Med 1996; 154: 308–317.

3. in9t Veen JC, de Gouw HW, Smits HH, et al.
Repeatability of cellular and soluble markers of
inflammation in induced sputum from patients with
asthma. Eur Respir J 1996; 9: 2441–2447.

4. Spanevello A, Migliori GB, Sharara A, et al. Induced
sputum to assess airway inflammation: a study of
reproducibility. Clin Exp Allergy 1997; 27: 1138–1144.

5. Popov T, Gottschalk R, Kolendowicz R, Dolovich J,
Powers P, Hargreave FE. The evaluation of a cell
dispersion method of sputum examination. Clin Exp
Allergy 1994; 24: 778–783.

6. Claman DM, Boushey HA, Liu J, Wong H, Fahy JV.
Analysis of induced sputum to examine the effects
of prednisone on airway inflammation in asthmatic
subjects. J Allergy Clin Immunol 1994; 94: 861–869.

7. Ward R, Woltmann G, Wardlaw AJ, Pavord ID.
Between-observer repeatability of sputum differential
cell counts. Influence of cell viability and squamous
cell contamination. Clin Exp Allergy 1999; 29: 248–252.

8. Koller DY, Nething I, Otto J, Urbanek R, Eichler I.
Cytokine concentrations in sputum from patients with
cystic fibrosis and their relation to eosinophil activity.
Am J Respir Crit Care Med 1997; 155: 1050–1054.

9. Louis R, Shute J, Goldring K, et al. The effect of
processing on inflammatory markers in induced
sputum. Eur Respir J 1999; 13: 660–667.

10. Fahy JV, Wong H, Liu J, Boushey HA. Comparison
of samples collected by sputum induction and bron-
choscopy from asthmatic and healthy subjects. Am
J Respir Crit Care Med 1995; 152: 53–58.

11. Louis R, Shute J, Biagi S, et al. Cell infiltration,
ICAM-1 expression, and eosinophil chemotactic acti-
vity in asthmatic sputum. Am J Respir Crit Care Med
1997; 155: 466–472.

12. Gibson PG, Woolley KL, Carty K, Murree-Allen K,
Saltos N. Induced sputum eosinophil cationic protein
(ECP) measurement in asthma and chronic obstruc-
tive airway disease (COAD). Clin Exp Allergy 1998;
28: 1081–1088.

13. Koller DY, Gotz M, Eichler I, Urbanek R. Eosino-
philic activation in cystic fibrosis. Thorax 1994; 49:
496–499.

14. Keatings VM, O9Connor BJ, Wright LG, Huston DP,
Corrigan CJ, Barnes PJ. Late response to allergen
is associated with increased concentrations of tumor
necrosis factor-a and IL-5 in induced sputum.
J Allergy Clin Immunol 1997; 99: 693–698.

15. Helenius IJ, Rytila P, Metso T, Haahtela T, Venge
P, Tikkanen HO. Respiratory symptoms, bronchial
responsiveness, and cellular characteristics of induced
sputum in elite swimmers. Allergy 1998; 53: 346–352.

16. Culpitt SV, Maziak W, Loukidis S, Nightingale JA,
Matthews JL, Barnes PJ. Effect of high dose inhaled
steroid on cells, cytokines, and proteases in induced
sputum in chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 1999; 160: 1635–1639.

17. Vignola AM, Bonanno A, Mirabella A, et al. Increased
levels of elastase and a1-antitrypsin in sputum of

36s M.M. KELLY ET AL.



asthmatic patients. Am J Respir Crit Care Med 1998;
157: 505–511.

18. Cantin AM. DNase I acutely increases cystic fibrosis
sputum elastase activity and its potential to induce
lung hemorrhage in mice. Am J Respir Crit Care Med
1998; 157: 464–469.

19. Liu H, Lazarus SC, Caughey GH, Fahy JV. Neutro-
phil elastase and elastase-rich cystic fibrosis sputum
degranulate human eosinophils in vitro. Am J Physiol
1999; 276: L28–L34.

20. Fahy JV, Schuster A, Ueki I, Boushey HA, Nadel JA.
Mucus hypersecretion in bronchiectasis. The role of
neutrophil proteases. Am Rev Respir Dis 1992; 146:
1430–1433.

21. Stockley RA, Bayley DL. Validation of assays for
inflammatory mediators in sputum. Eur Respir J 2000;
15: 778–781.

22. Buttle DJ, Burnett D, Abrahamson M. Levels of
neutrophil elastase and cathepsin B activities, and
cystatins in human sputum: relationship to inflamma-
tion. Scand J Clin Lab Invest 1990; 50: 509–516.

23. Keatings VM, Jatakanon A, Worsdell YM, Barnes PJ.
Effects of inhaled and oral glucocorticoids on inflam-
matory indices in asthma and COPD. Am J Respir
Crit Care Med 1997; 155: 542–548.

24. Norzila MZ, Fakes K, Henry RL, Simpson J, Gibson
PG. Interleukin-8 secretion and neutrophil recruit-
ment accompanies induced sputum eosinophil activa-
tion in children with acute asthma. Am J Respir Crit
Care Med 2000; 161: 769–774.

25. Pizzichini MM, Pizzichini E, Clelland L, et al. Sputum
in severe exacerbations of asthma: kinetics of inflam-
matory indices after prednisone treatment. Am
J Respir Crit Care Med 1997; 155: 1501–1508.

26. Fahy JV, Liu J, Wong H, Boushey HA. Cellular and
biochemical analysis of induced sputum from asth-
matic and from healthy subjects. Am Rev Respir Dis
1993; 147: 1126–1131.

27. Bettiol J, Radermecker M, Sele J, Henquet M,
Cataldo D, Louis R. Airway mast-cell activation in
asthmatics is associated with selective sputum eosino-
philia. Allergy 1999; 54: 1188–1193.

28. in9t Veen JC, Smits HH, Hiemstra PS, Zwinderman
AE, Sterk PJ, Bel EH. Lung function and sputum
characteristics of patients with severe asthma during
an induced exacerbation by double-blind steroid
withdrawal. Am J Respir Crit Care Med 1999; 160:
93–99.

29. Schoonbrood DF, Lutter R, Habets FJ, Roos CM,
Jansen HM, Out TA. Analysis of plasma-protein
leakage and local secretion in sputum from patients
with asthma and chronic obstructive pulmonary disease.
Am J Respir Crit Care Med 1994; 150: 1519–1527.

30. Pizzichini MM, Pizzichini E, Efthimiadis A, et al.
Asthma and natural colds: inflammatory indices in
induced sputum: a feasibility study. Am J Respir Crit
Care Med 1998; 158: 1178–1184.

31. Piccioni PD, Kramps JA, Rudolphus A, Bulgheroni
A, Luisetti M. Proteinase/proteinase inhibitor imbal-
ance in sputum sol phases from patients with chronic
obstructive pulmonary disease. Suggestions for a key
role played by antileukoprotease. Chest 1992; 102:
1470–1476.

32. Halldorsdottir H, Greiff L, Wollmer P, et al. Effects
of inhaled histamine, methacholine and capsaicin on
sputum levels of alpha 2-macroglobulin. Thorax 1997;
52: 964–968.

33. Konno S, Gonokami Y, Kurokawa M, et al. Cytokine
concentrations in sputum of asthmatic patients. Int
Arch Allergy Immunol 1996; 109: 73–78.

34. Chalmers GW, MacLeod KJ, Thomson LJ, et al.
Sputum cellular and cytokine responses to inhaled
endothelin-1 in asthma. Clin Exp Allergy 1999; 29:
1526–1531.

35. Osika E, Cavaillon JM, Chadelat K, et al. Distinct
sputum cytokine profiles in cystic fibrosis and other
chronic inflammatory airway disease. Eur Respir J
1999; 14: 339–346.

36. Tsang KW, Ho PL, Lam WK, et al. Inhaled
fluticasone reduces sputum inflammatory indices in
severe bronchiectasis. Am J Respir Crit Care Med
1998; 158: 723–727.

37. Pizzichini MM, Pizzichini E, Clelland L, et al.
Prednisone-dependent asthma: inflammatory indices
in induced sputum. Eur Respir J 1999; 13: 15–21.

38. Adachi T, Motojima S, Hirata A, Fukuda T, Kihara N,
Makino S. Detection of transforming growth factor-b
in sputum from patients with bronchial asthma by
eosinophil survival assay and enzyme-linked immuno-
sorbent assay. Clin Exp Allergy 1996; 26: 557–562.

39. Fahy JV, Wong HH, Liu JT, Boushey HA. Analysis
of induced sputum after air and ozone exposures in
healthy subjects. Environ Res 1995; 70: 77–83.

40. Bhowmik A, Seemungal TA, Sapsford RJ, Wedzicha
JA. Relation of sputum inflammatory markers to
symptoms and lung function changes in COPD
exacerbations. Thorax 2000; 55: 114–120.

41. Takanashi S, Hasegawa Y, Kanehira Y, et al. Inter-
leukin-10 level in sputum is reduced in bronchial
asthma, COPD and in smokers. Eur Respir J 1999; 14:
309–314.

42. Keatings VM, Collins PD, Scott DM, Barnes PJ.
Differences in interleukin-8 and tumor necrosis
factor-a in induced sputum from patients with chronic
obstructive pulmonary disease or asthma. Am J Respir
Crit Care Med 1996; 153: 530–534.

43. Salva PS, Doyle NA, Graham L, Eigen H, Doerschuk
CM. TNF-a, IL-8, soluble ICAM-1, and neutrophils
in sputum of cystic fibrosis patients. Pediatr Pulmonol
1996; 21: 11–19.

44. Chalmers GW, Thomson L, Macleod KJ, et al.
Endothelin-1 levels in induced sputum samples from
asthmatic and normal subjects. Thorax 1997; 52: 625–
627.

45. Yamada H, Yamaguchi M, Yamamoto K, et al.
Eotaxin in induced sputum of asthmatics: relationship
with eosinophils and eosinophil cationic protein in
sputum. Allergy 2000; 55: 392–397.

46. Yamamoto K, Takanashi S, Fujimoto K, Hasegawa
Y, Kanehira Y, Okumara K. Correlation between
eotaxin level and eosinophil cationic protein in the
induced sputum from asthmatic subjects. Am J Respir
Crit Care Med 1999; 159: A848.

47. Kurashima K, Mukaida N, Fujimura M, Schroder
JM, Matsuda T, Matsushima K. Increase of chemo-
kine levels in sputum precedes exacerbation of acute
asthma attacks. J Leukoc Biol 1996; 59: 313–316.

48. Shi HZ, Chen YQ, Qin SM. Inhaled IL-5 increases
concentrations of soluble intracellular adhesion
molecule-1 in sputum from atopic asthmatic subjects.
J Allergy Clin Immunol 1999; 103: 463–467.

49. Vignola AM, Riccobono L, Mirabella A, et al.
Sputum metalloproteinase-9/tissue inhibitor of metal-
loproteinase-1 ratio correlates with airflow obstruction

37sANALYSIS OF FLUID-PHASE MEDIATORS



in asthma and chronic bronchitis. Am J Respir Crit
Care Med 1998; 158: 1945–1950.

50. Tanaka H, Miyazaki N, Oashi K, Tanaka S, Ohmichi
M, Abe S. Sputum matrix metalloproteinase-9: tissue
inhibitor of metalloproteinase-1 ratio in acute asthma.
J Allergy Clin Immunol 2000; 105: 900–905.

51. Sampson AP, Spencer DA, Green CP, Piper PJ, Price
JF. Leukotrienes in the sputum and urine of cystic
fibrosis children. Br J Clin Pharmacol 1990; 30: 861–
869.

52. Pavord ID, Ward R, Woltmann G, Wardlaw AJ,
Sheller JR, Dworski R. Induced sputum eicosanoid
concentrations in asthma. Am J Respir Crit Care Med
1999; 160: 1905–1909.

53. Macfarlane AJ, Dworski R, Sheller JR, Pavord ID,
Kay AB, Barnes NC. Sputum cysteinyl leukotrienes
increase 24 hours after allergen inhalation in atopic
asthmatics. Am J Respir Crit Care Med 2000; 161:
1553–1558.

54. Zakrzewski JT, Barnes NC, Costello JF, Piper PJ.
Lipid mediators in cystic fibrosis and chronic obstruc-
tive pulmonary disease. Am Rev Respir Dis 1987; 136:
779–782.

55. Okada C, Feng W, Tanimoto Y, et al. The levels of
sulfido-leukotriene (SLT), thromboxane B2 (TXB2)
and eosinophil cationic protein (ECP) in sputum from
asthmatics. Am J Respir Crit Care Med 1999; 159:
A851.

56. Linnane SJ, Keatings VM, Costello CM, et al. Total
sputum nitrate plus nitrite is raised during acute
pulmonary infection in cystic fibrosis. Am J Respir
Crit Care Med 1998; 158: 207–212.

57. Fahy JV, Steiger DJ, Liu J, Basbaum CB, Finkbeiner
WE, Boushey HA. Markers of mucus secretion and
DNA levels in induced sputum from asthmatic and
from healthy subjects. Am Rev Respir Dis 1993; 147:
1132–1137.

58. Wadhwa M, Thorpe R. Assays for cytokines. In:
Thomson AW, ed. The Cytokine Handbook. New York,
NY, Academic Press, 1998; PP. 855–884.

59. Cannon JG. Cytokines. In: Rose NR, Macario EC,
Fahey JL, Friedman H, Penn GM, eds. Manual of
Clinical Laboratory Immunology. Washington, DC,
American Society for Microbiology Press, 1992; pp.
237–239.

60. Hill AT, Bayley D, Stockley RA. The interrelationship
of sputum inflammatory markers in patients with
chronic bronchitis. Am J Respir Crit Care Med 1999;
160: 893–898.

61. Regelmann WE, Siefferman CM, Herron JM, Elliott
GR, Clawson CC, Gray BH. Sputum peroxidase
activity correlates with the severity of lung disease in
cystic fibrosis. Pediatr Pulmonol 1995; 19: 1–9.

62. Delacourt C, Le Bourgeois M, D9Ortho MP, et al.
Imbalance between 95 kDa type IV collagenase and
tissue inhibitor of metalloproteinases in sputum of
patients with cystic fibrosis. Am J Respir Crit Care
Med 1995; 152: 765–774.

63. Worlitzsch D, Herberth G, Ulrich M, Doring G.
Catalase, myeloperoxidase and hydrogen peroxide in
cystic fibrosis. Eur Respir J 1998; 11: 377–383.

64. Fahy JV, Kim KW, Liu J, Boushey HA. Prominent
neutrophilic inflammation in sputum from subjects
with asthma exacerbation. J Allergy Clin Immunol
1995; 95: 843–852.

65. Thorpe R. Developments in immunological standar-
dization. J Immunol Methods 1998; 216: 93–101.

66. Ledur A, Fitting C, David B, Hamberger C, Cavaillon
JM. Variable estimates of cytokine levels produced
by commercial ELISA kits: results using international
cytokine standards. J Immunol Methods 1995; 186:
171–179.

67. Anon. WHO Expert Committee on Biological Stan-
dardization. World Health Organ Tech Rep Ser 1998;
878: 1–101.

68. Mire-Sluis AR, Padilla A, Das RG. Biological
standardization of cytokines and growth factors. Dev
Biol Stand 1999; 97: 171–176.

69. Mire-Sluis AR, Das RG, Padilla A. WHO cytokine
standardization: facilitating the development of cyto-
kines in research, diagnosis and as therapeutic agents.
J Immunol Methods 1998; 216: 103–116.

70. Aziz N, Nishanian P, Mitsuyasu R, Detels R, Fahey
JL. Variables that affect assays for plasma cytokines
and soluble activation markers. Clin Diagn Lab
Immunol 1999; 6: 89–95.

71. Wadhwa M, Thorpe R. Cytokine immunoassays:
recommendations for standardisation, calibration and
validation. J Immunol Methods 1998; 219: 1–5.

72. Jung T, Bews JP, Enssle KH, Wagner K, Neumann C,
Heusser CH. Detection of and discrimination between
total and free human interleukin-4 and free soluble
interleukin-4 receptor by ELISA. J Immunol Methods
1998; 217: 41–50.

73. Motojima S, Hirata A, Kushima A, et al. Serum levels
of soluble interleukin-2 receptor in asthma patients.
J Asthma 1995; 32: 151–158.

74. Yasruel Z, Humbert M, Kotsimbos TC, et al.
Membrane-bound and soluble alpha IL-5 receptor
mRNA in the bronchial mucosa of atopic and nona-
topic asthmatics. Am J Respir Crit Care Med 1997;
155: 1413–1418.

75. Barnes A. Measurement of serum cytokines. Lancet
1998; 352: 324–325.

76. Mire-Sluis AR, Gaines-Das R, Thorpe R. Immuno-
assays for detecting cytokines: what are they really
measuring? J Immunol Methods 1995; 186: 157–160.

77. Bendtzen K, Hansen MB, Ross C, Svenson M. High-
avidity autoantibodies to cytokines. Immunol Today
1998; 19: 209–211.

78. Feige JJ, Negoescu A, Keramidas M, Souchelnitskiy
S, Chambaz EM. Alpha 2-macroglobulin: a binding
protein for transforming growth factor-beta and
various cytokines. Horm Res 1996; 45: 227–232.

79. Miller MD, Krangel MS. Biology and biochemistry of
the chemokines: a family of chemotactic and inflam-
matory cytokines. Crit Rev Immunol 1992; 12: 17–46.

80. Ramdin L, Perks B, Sheron N, Shute JK. Regulation
of interleukin-8 binding and function by heparin and
a2-macroglobulin. Clin Exp Allergy 1998; 28: 616–624.

81. Shute JK. IL-8 in cystic fibrosis and its regulation by
complexation with macromolecules. Pediatr Pulmonol
Suppl 1996; 13: 187–188.

82. Shute JK, Vrugt B, Lindley IJ, et al. Free and complexed
interleukin-8 in blood and bronchial mucosa in asthma.
Am J Respir Crit Care Med 1997; 155: 1877–1883.

83. Perks B, Shute JK. DNA and actin bind and inhibit
interleukin-8 function in cystic fibrosis sputa: in vitro
effects of mucolytics. Am J Respir Crit Care Med 2000;
162: 1767–1772.

84. Sylvester I, Yoshimura T, Sticherling M, et al.
Neutrophil attractant protein-1-immunoglobulin G
immune complexes and free anti-NAP-1 antibody in
normal human serum. J Clin Invest 1992; 90: 471–481.

38s M.M. KELLY ET AL.



85. Toy KJ, Daugherty A, Sinicropi DV, Fine JM, Byrne
FD, Goldstein DH. DNA concentration and in vitro
responsiveness of purulent sputum in patients with
cystic fibrosis, bronchiectasis, and acute exacerbations
of chronic bronchitis. Am J Respir Crit Care Med
1994; 149: A183.

86. James K, Milne I, Cunningham A, Elliott SF. The
effect of alpha 2 macroglobulin in commercial
cytokine assays. J Immunol Methods 1994; 168: 33–37.

87. Pizzichini MM, Popov TA, Efthimiadis A, et al.
Spontaneous and induced sputum to measure indices
of airway inflammation in asthma. Am J Respir Crit
Care Med 1996; 154: 866–869.

88. Cianchetti S, Bacci E, Ruocco L, et al. Salbutamol
pretreatment does not change eosinophil percentage
and eosinophilic cationic protein concentration in
hypertonic saline-induced sputum in asthmatic sub-
jects. Clin Exp Allergy 1999; 29: 712–718.

89. Bacci E, Bartoli ML, Carnevali S, et al. Eosinophil
cationic protein (ECP) and histamine levels in induced
sputum are not affected by hypertonic saline inhala-
tion. Eur Respir J 1999; 14: Suppl. 30, 24s.

90. Gershman NH, Liu H, Wong HH, Liu JT, Fahy JV.
Fractional analysis of sequential induced sputum sam-
ples during sputum induction: evidence that different
lung compartments are sampled at different time
points. J Allergy Clin Immunol 1999; 104: 322–328.

91. Holz O, Jorres RA, Koschyk S, Speckin P, Welker L,
Magnussen H. Changes in sputum composition during
sputum induction in healthy and asthmatic subjects.
Clin Exp Allergy 1998; 28: 284–292.

92. Spanevello A, Vignola AM, Bonanno A, Confalonieri
M, Crimi E, Brusasco V. Effect of methacholine
challenge on cellular composition of sputum induc-
tion. Thorax 1999; 54: 37–39.

93. Holz O, Richter K, Jorres RA, Speckin P, Mucke M,
Magnussen H. Changes in sputum composition
between two inductions performed on consecutive
days. Thorax 1998; 53: 83–86.

94. Richter K, Holz O, Jorres RA, Mucke M, Magnussen
H. Sequentially induced sputum in patients with
asthma or chronic obstructive pulmonary disease.
Eur Respir J 1999; 14: 697–701.

95. Efthimiadis A, Spanevello A, Hamid Q, et al. Methods
of sputum processing for cell counts, immunocyto-
chemistry and in situ hybridisation. Eur Respir J 2002;
20: Suppl. 37, 19s–23s.

96. Pizzichini E, Pizzichini MM, Efthimiadis A, Hargreave
FE, Dolovich J. Measurement of inflammatory indices
in induced sputum: effects of selection of sputum to
minimize salivary contamination. Eur Respir J 1996;
9: 1174–1180.

97. Spanevello A, Beghe B, Bianchi A, et al. Comparison
of two methods of processing induced sputum:
selected versus entire sputum. Am J Respir Crit Care
Med 1998; 157: 665–668.

98. Efthimiadis A, Pizzichini MM, Pizzichini E, Dolovich
J, Hargreave FE. Induced sputum cell and fluid-phase
indices of inflammation: comparison of treatment with
dithiothreitol vs phosphate-buffered saline. Eur Respir
J 1997; 10: 1336–1340.

99. Cleland WW. Dithiothreitol, a new protective reagent
for SH groups. Biochemistry 1964; 3: 480–482.

100. Smith LJ, Redfield C, Boyd J, et al. Human
interleukin 4. The solution structure of a four-helix
bundle protein. J Mol Biol 1992; 224: 899–904.

101. Bazan JF. Unraveling the structure of IL-2. Science
1992; 257: 410–413.

102. Pandit J, Bohm A, Jancarik J, Halenbeck R, Koths K,
Kim SH. Three-dimensional structure of dimeric
human recombinant macrophage colony-stimulating
factor. Science 1992; 258: 1358–1362.

103. Aggarwal BB, Gutterman JU. Human Cytokines.
Handbook for Basic and Clinical Research. Boston,
MA, Blackwell Scientific Publications, 1998.

104. Vaddi K, Keller M, Newton RC. The Chemokine
FactsBook. San Diego, CA, Academic Press, 1997.

105. Grebski E, Peterson C, Medici TC. Effect of physical
and chemical methods of homogenisation on inflam-
matory mediators in sputa of astmatics. Am J Respir
Crit Care Med 1998; 159: A847.

106. Kelly MM, Leigh R, Horsewood P, Gleich GJ, Cox G,
Hargreave FE. Induced sputum: validity of fluid-
phase IL-5 measurement. J Allergy Clin Immunol
2000; 105: 1162–1168.

107. Kelly MM, Evans S, Leigh R, Horsewood P, Gleich
GJ, Hargreave FE. Spiking of sputum fluid phase
indicates that interleukin-5 recovery is incomplete.
Am J Respir Crit Care Med 1999; 159: A403.

108. Cai Y, Carty K, Gibson P, Henry R. Comparison
of sputum processing techniques in cystic fibrosis.
Pediatr Pulmonol 1996; 22: 402–407.

109. Lopez-Vidriero MT, Das I, Reid L. Bronchorrhoea –
separation of mucus and serum components in sol and
gel phases. Thorax 1979; 34: 512–517.

110. Kelly MM, Davies P, Hargreave FE, Cox G.
Osmolality of dispersed sputum: effect of diluent
fluids. Am J Respir Crit Care Med 2000; 161: A854.

111. Kelly MM, Evans S, Leigh R, Horsewood P, Gleich
GJ, Hargreave FE. Recovery of radiolabelled inter-
leukin-5 (IL-5) from sputum fluid phase differs when
estimated by gamma counter or immunoassay. Am
J Respir Crit Care Med 1999; 159: A849.

112. Metso T, Rytila P, Peterson C, Venge P, Haahtela T.
Sputum handling for routine use to measure inflam-
mation markers: comparison of two methods. Allergy
1998; 53: Suppl. 43, 138.

113. Sorva R, Metso T, Turpeinen M, Juntunen-Backman
K, Bjorksten F, Haahtela T. Eosinophil cationic
protein in induced sputum as a marker of inflamma-
tion in asthmatic children. Pediatr Allergy Immunol
1997; 8: 45–50.

114. Kelly MM, Leigh R, Carruthers S, et al. Increased
detection of interleukin-5 in sputum by addition of
protease inhibitors. Eur Respir J 2001; 18: 685–691.

115. Lacroix-Desmazes S, Kaveri SV, Mouthon L, et al.
Self-reactive antibodies (natural autoantibodies) in
healthy individuals. J Immunol Methods 1998; 216:
117–137.

116. Kikuchi Y, Migita M, Takaki S, Tominaga A,
Takatsu K. Biochemical and functional characteriza-
tion of soluble form of IL-5 receptor alpha (sIL-5R
alpha). Development of ELISA system for detection of
sIL-5R alpha. J Immunol Methods 1994; 167: 289–298.

117. Yokoyama A, Kohno N, Sakai K, Kondo K, Hirasawa
Y, Hiwada K. Circulating levels of soluble interleukin-6
receptor in patients with bronchial asthma. Am
J Respir Crit Care Med 1997; 156: 1688–1691.

118. Houdret N, Lamblin G, Scharfman A, Humbert P,
Roussel P. Activation of bronchial mucin proteolysis
by 4-aminophenylmercuric acetate and disulphide
bond reducing agents. Biochim Biophys Acta 1983;
758: 24–29.

39sANALYSIS OF FLUID-PHASE MEDIATORS


