
Human skin keratins are the major proteins

in exhaled breath condensate
H.J. Hoffmann*, L.M. Tabaksblat*, J.J. Enghild# and R. Dahl*

ABSTRACT: Exhaled breath condensate (EBC) may be an attractive noninvasive alternative to

bronchoscopy, bronchoalveolar lavage and induced sputum for diagnosis and monitoring of

pulmonary disease. The aim of the present study was to identify proteins in EBC by mass

spectrometry. Protein in EBC was characterised by gel electrophoresis of freeze-dried EBC

samples, and individual proteins were identified by mass spectrometry.

Saliva, ambient air condensate (AAC) and EBC were collected from normal human volunteers

with or without a filter to remove particles from air. In some instances, EBC was condensed by

breathing compressed air. Samples were freeze-dried and analysed by SDS-PAGE and peptide

mass fingerprinting.

Three major bands were seen in EBC and AAC, and were identified by peptide mass

fingerprinting. The probability-based Mowse score was significant only for cytokeratin (CK) 1,

CK2 and CK10. In the catalogue of human cytokeratins, CK1, CK2, CK9 and CK10 are described in

keratinising epidermis. Saliva did not contain keratin and compressed air EBC contained

markedly less keratin. Filtration of inspired air did not remove contaminating keratin.

In conclusion, skin keratin in exhaled breath condensate derives from ambient air and not from

the respiratory tract.
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A
nalysis of proteins, in particular cyto-
kines, from the lung can have diagnostic
value and aid in classification of disease

severity and activity [1]. Exhaled breath conden-
sate (EBC), which has been the subject of a recent
American Thoracic Society/European Respira-
tory Society Task Force [2], is obtained by
collecting condensed liquid from exhaled breath
in a cold trap. One advantage of this gentle
sampling procedure would be significant relief
for the patient. It can be used repeatedly on the
same patient in outpatient settings to aid in the
diagnosis of inflammatory [1], infectious [3] and
neoplastic [4] disease.

Interleukin-6 in EBC has been measured by
ELISA as a strong indicator of inflammatory
responses [5–9], with a detection range of 0–
3 pg?mL-1. An alternative method is identifica-
tion using a protein gel, and confirmation of the
primary sequence by peptide mass fingerprint-
ing. Keratins CK1, CK2, CK9 and CK10 (with
molecular weights of 67, 65, 64 and 56.5 kDa,
respectively [10, 11]) are frequent contaminants
of protein identification work [12]. CK1 and CK10
are restricted to the epidermis and epithe-
lia undergoing skin-type differentiation to
develop the stratum corneum [10, 13] and are

continuously shed into the environment [10, 14].
They are not expressed in the lung [15]. CK7,
CK8, CK18 and CK19 are expressed in the
alveolae, and CK5/6, CK14 and CK17 are
expressed in the bronchii [11, 15]. Protein from
EBC has only rarely been characterised [16]. The
current authors attempted to discover lung-
derived protein by gel electrophoresis of freeze-
dried EBC samples, and to identify the proteins
by peptide mass fingerprinting.

METHODS
EBC samples were collected with a Jaeger
Ecoscreen (Viasys HealthCare, Conshohocken,
PA, USA) for 30 min from six healthy nonsmok-
ing hospital workers (two males, four females,
aged 28–55 yrs) breathing ambient air (EBC) or
compressed air from the hospital supply (EBCC),
and from ambient air condensate (AAC) samples.
The project was registered with the local ethics
committee. In some experiments a bacterial/viral
filter (Vitalograph, Buckingham, UK) with a
99.99% reduction of load of particles .10-6 m or
a UFTD filter (Donaldson, Leuven, Belgium) with
an absolute retention of particles .2?10-6 m were
inserted before the air inlet. When compressed air
was inhaled to generate EBCC, a valve was
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inserted before the Ecoscreen to allow excess air to escape into
the environment during tidal breathing.

Equivalent samples (2¡0.2 mL) were freeze dried in a Speed
vac apparatus (Savant SVC100, Instruments Inc., Farmingdale,
NY, USA), and analysed by SDS-PAGE [17–19]. Stained bands
were cut out of the gel, digested with trypsin, desalted by C18
ZipTip (Millipore, Copenhagen, Denmark) and eluted directly
onto the sample plate of the mass spectrometer using a-cyano-
4-hydroxycinnamic acid (4 mg?mL-1 in 70% acetonitrile/0.1%
TFA). The samples were subsequently analysed by matrix-
assisted laser desorption ionisation time-of-flight mass spectro-
metry (MALDI-TOF MS) using a Q-Tof Ultima Global mass
spectrometer (Micromass/Waters Corp., Manchester, UK). The
instrument was calibrated over the mass-to-charge ratio (m/z)
range 50–3000 using a polyethylene glycol mixture and glu-
fibrinopeptide B (molecular weight 1570.677 kDa; Sigma,
Brøndby, Denmark) as lock mass. Reflector mode was
activated, and all samples were analysed in positive polarity
mode. Laser shots (10 Hz) were accumulated until a satisfac-
tory signal-to-noise ratio was achieved when combined and
smoothed. The collision energy during tandem mass spectro-
metry experiments was 50–120 eV, and argon was used as
collision gas. The mass accuracy was generally ,30 ppm for all
MS analyses. Mass spectra were acquired in the positive-ion

mode over the range 800–3000 m/z. The determined mass of
the peptides was used to query SwissProt/TrEMBL [20] or
NCBInr protein databases using the Mascot search engine
(Matrix Sciences, London, UK) [21]. The searches were
performed with a peptide mass tolerance of 50 ppm, carbami-
domethyl modification of cysteine residues and allowing a
single missed tryptic cleavage. Only significant hits as defined
by Mascot probability analysis and with at least five matches of
peptide masses were accepted. The acquired MALDI-Q-TOF
data were viewed in MassLynx Version 4.0 (Micromass/
Waters Corp.) and sequence handling for mass spectrometric
data was carried out using the GPMAW software (Lighthouse
Data, Odense, Denmark) [22].

RESULTS
A representative gel is shown in figure 1 (EBC-labelled lanes). The
bands with a molecular weight of 66 kDa contained CK1 and
CK2, and bands of 55 kDa molecular weight contained CK10. The
band at 6–14 kDa contained a fragment of CK2. Proteins of
possible pulmonary origin for which peptides were detected
are shown in table 1. To exclude saliva as a source of keratin,
saliva was analysed on SDS gels (fig. 1c). Major bands with a
similar molecular weight to the bands identified in EBC contained
lytic enzymes a-amylase and lysozyme, determined by mass
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FIGURE 1. A representative gel of samples that were freeze dried and analysed by silver-stained SDS-PAGE. a) Ambient air condensate (AAC) collected in the breathing

zone of control subjects contained bands at similar positions as exhaled breath condensate (EBC), and were identified as keratin by mass spectrometry. The top and bottom

dots in the EBC lane identify keratin K1 and keratin K10, respectively. The dot in the AAC lane identifies keratin K2. b) EBC condensed on dry compressed air (EBCC) contains

less keratin than EBC condensed on ambient air or AAC. The top and bottom dots identify keratin K1 and keratin K10, respectively. c) Representative sample of saliva. The top

three dots identify a-amylase (PO4745), and the bottom two dots lysozyme (P00695). d) Predominant proteins in scalp rinse (skin) have the same pattern as seen in EBC.

M: markers. $: bands sequenced by mass spectrometry.
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spectrometry. No keratin peptides were identified in saliva, and
neither a-amylase nor lysozyme were detected in EBC.

To identify proteins present at levels not detectable by silver-
stained SDS-PAGE, an aliquot of EBC was freeze dried, and
separated on a size exclusion column into fractions larger and
smaller than 30 kDa. Both fractions were analysed by mass
spectrometry. No peptides were identified in the low mole-
cular weight fraction, whereas keratins K1 and K10 were again
identified in the high molecular weight fraction (not shown).

As the keratin in EBC was not of the type normally associated
with the lung and was not found in saliva, a possible source
outside the lung was investigated. Water-soluble protein in a

scalp rinse of one participant contained a similar protein
pattern as EBC with major bands between 50–66 kDa, and a
minor band at 6–14 kDa (fig. 1d).

To show that the keratin in EBC stems from ambient air, a
weak vacuum source was attached to the EcoScreen to draw
ambient air from the breathing region of a test subject through
the cold trap without drawing it into a human lung first. The
volume of condensate collected from ambient air
(3.29¡1.43 mL) was less than EBC collected over the same
time (7.58¡1.70 mL). It was concentrated and analysed
similarly to EBC, and contained CK1 and CK2 (fig. 1a).

As the keratin in EBC appeared to derive from ambient air, a
Vitalograph filter or a UFTD filter was placed in line in front
the Ecoscreen air intake to remove debris from ambient air.
The filters did not remove appreciable amounts of protein from
EBC or AAC (not shown).

As ambient air contains the contaminating keratins, EBC was
condensed from subjects breathing compressed air from the
hospitals air supply. This substantially reduced the amount of
keratin in the EBC samples (fig. 1b). No liquid could be
condensed from compressed air even when the collection time
was extended to 2 h, probably because there was no moisture
in the compressed dry air. EBC condensed on compressed air
had a volume (6.72¡1.66 mL) similar to that condensed on
ambient air.

DISCUSSION
In attempts to identify novel proteins in EBC by gel
electrophoresis, the current authors have only succeeded in
finding skin keratin, in all likelihood debris from human
stratum corneum in ambient air (table 2). Keratin, shed
continuously from skin, is a ubiquitous contaminant in protein
identification work [12]. To the present authors’ knowledge,
this is the fourth publication [16, 24, 25] to document that
keratin is a major constituent of proteins found in EBC, and the
first to consider that the keratin found stems from the skin, as it
is not expressed in the lung. As the keratin load could not be
reduced by filters shown to remove viruses and bacteria, the
keratin-containing debris must be smaller. It is also the first
time that a reduction of keratin content is documented when
the air inhaled for generation of EBC is not ambient air, but

TABLE 1 Peptides of pulmonary origin detected with
cytokeratin (CK) 1, 2 and 10 in exhaled breath
condensate (EBC)#

Peptides n

Sample A

CK1 and CK2 10

P48669 CK6 13

P05787 CK8 11

Sample B

CK10 6

P48669 CK6 5

P19013 CK4 4

Sample C

CK1 and CK2 11

CK9 6

CK10 8

CK4 4

CK6 7

P35247 pulmonary surfactant associated

protein

4

Samples A and B correspond to figure 1a, top and bottom EBC lanes,

respectively. Sample C corresponds to the ambient air condensate (AAC) lane

in figure 1a. #: in each case, only keratin had a probability-based Mowse score

of significance.

TABLE 2 Expression of keratin types in the lung and skin

Keratin subtype Bronchial expression Stratum corneum Identified Molecular weight kDa [Ref.]

CK01 - + + 67 [11]

CK02 - + + 65 [11]

CK04 + NI NI 60 [23]

CK06 + NI NI [23]

CK07 + NI NI 54 [23]

CK08 + NI NI 52 [23]

CK10 - + + 56.5 [11, 23]

CK13 + NI NI 54 [23]

CK18 + NI NI 48 [23]

CK19 + NI NI 40 [23]

CK: cytokeratins; NI: not investigated. +: presence of protein investigated; -: absence of protein investigated.
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compressed air that may contain less keratin. The volume of
EBC condensed on compressed air was only marginally less
that that condensed on ambient air, illustrating that inspired
air is humidified to a uniform degree by the airways.

The protein bands at 67, 65 and 56.5 kDa containing CK1 and
CK2, and CK10, respectively, constitute full-length keratin. The
variable bands ,20 kDa may represent degradation products.
Peptides from a number of other proteins, including keratins,
were detected in EBC (table 1), but the software for assigning the
identity to the bands determined that the most likely candidates
were CK1, CK2 and CK10 [10]. Although peptides of proteins of
pulmonary origin were detected, the probability-based Mowse
score was only significant for keratins K1, K2 and K10.

The current data suggest that most protein in EBC is in fact
molecular debris shed from the stratum corneum inhaled with
inspired air. As the inspired air is humidified, the relatively
cold keratin molecules could act as foci around which water
molecules condense. Lysozyme and a-amylase were detected
in saliva samples but not in EBC, confirming that there is no
salivary contamination when collecting EBC with an
Ecoscreen. The present study was performed in healthy
subjects. Similar studies in patients with well-characterised
lung disease should be performed.

Bronchoalveolar lavage and EBC keratin content is similar by
weight [25]. EBC of smokers contained elevated amounts of
CK9 and CK10 [24]. The skin of smokers tends to age and
turnover more rapidly than that of nonsmokers, hence smokers
will have more skin debris in their ambient air.

The current authors did not find any cytokines in exhaled
breath condensate. Peptide mass fingerprinting may not be
sensitive enough, as the limit of detection is set by visualisation
of protein bands on SDS-PAGE, which is at best 140 pg?mL-1

(1 ng in 7 mL of exhaled breath condensate) [19]. The limit of
detection of the ELISA for human interleukin-6 supplied by
Cayman Chemical (Tallinn, Estonia), which has most often
been used in analysis of exhaled breath condensate, is
1.5 pg?mL-1, which is 100 times more sensitive. The concentra-
tion of interleukin-6 in exhaled breath condensate is reported
to be ,3 pg?mL-1 [5–9]. Therefore, 120–700 mL of exhaled
breath condensate would be needed to visualise interleukin-6
in exhaled breath condensate on a gel for peptide mass
fingerprinting. Cytokines have only been documented by
ELISA and, as the major weight fraction of protein in exhaled
breath condensate derives from ambient air, it becomes
important to determine whether cytokines measured in EBC
derive from the lung or whether they, like keratin, are debris
from ambient air.
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