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ORIGINAL ARTICLE

IS ANALYSIS OF EXHALED BREATH CONDENSATE AN EQUIVALENT TO
BRONCHOALVEOLAR LAVAGE FLUID IN SARCOIDOSIS PATIENTS?

Kunihiko Nakamural), Megumi Mikuniyal), Shingo Takanashi” . Akihito Hayashil),
Takeshi Morimoto”, Kageaki Taima", Junichi Dempoya® and Ken Okumura®

Abstract Introduction: Although analysis of bronchoalveolar lavage fluid (BALF) is a useful examination to assess
airway inflammation, it is an invasive technique with limitation and risk of complications.

Objectives: The aim of this study was to examine molecules in exhaled breath condensate (EBC) in comparison with
BALF, and to clarify the clinical usability of EBC.

Methods: EBC was collected from sixteen subjects suspected to have sarcoidosis just before BAL. The 40 different
inflammatory molecules in EBC and BALF were analyzed by protein array.

Results: BALF levels of 6 molecules including soluble tumor necrosis factor receptor type II (sTNF-RII) and
regulated upon activation, normal T cell expressed and secreted (RANTES), and EBC levels of 13 molecules
including sTNF-RII and RANTES were significantly correlated with percentage of lymphocyte in BALF (%Lym).
We found significant correlations between levels of EBC and BALF in 16 out of 40 molecules. Levels of macrophage
colony-stimulating factor (M-CSF), RANTES, TNF-a and sTNF-RII in EBC were significantly correlated with BALF.
Their levels in EBC and BALF also were correlated with %Lym.

Conclusion: Protein array, a highly sensitive approach allowed us to detect inflammatory molecules in EBC.
Comprehensive analysis of EBC might be an equivalent to that of BALF.
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Table 1 Characteristic of study subjects and results of BAL
Patient Sex Age Smok.ing BALF differential count
(years) habit Recovery  TCC %Lym Lym  CD4/CD8

1 Male 37 Ex 733 044 47 0.21 2.29

2 Male 25 Current 70.7 0.56 23 0.13 4.56

3 Male 37 No 64.0 1.35 14 0.19 4.56

4 Female 33 Current 70.7 2.06 26 0.54 3.75

5 Female 51 Ex 68.7 191 50 0.96 4.05

6 Male 55 Ex 62.0 0.85 9 0.08 3.00

7 Female 28 No 70.0 0.90 31 0.28 3.90

8 Female 71 No 66.7 0.25 20 0.05 5.36

9 Male 71 Ex 53.3 244 33 0.81 2.24

10 Female 42 No 68.0 349 34 1.19 148

11 Male 23 Current 70.0 0.30 1 001 1.14

12 Male 24 Current 80.7 0.96 5 0.05 6.54

13 Female 45 No 78.0 1.05 10 0.11 1.00

14 Female 47 Current 59.3 0.67 7 0.05 512

15 Male 31 Current 58.7 1.40 9 0.13 0.39

16 Male 29 No 70.7 0.32 15 0.05 1.38
BALF: bronchoalveoral lavage fluid, Recovery: Recovery rate of BALF (%), TCC: total cell
count (x10*5/ml), %Lym: percentage of lymphocyte(%), Lym: lymphocyte count(x10*5/ml),
CD4/CD8: CD4+/CD8+ ratio

of inflammatory molecules. Comprehensive

Introduction

Analysis of bronchoalveolar lavage fluid
(BALF) is a useful test for diagnosing diffuse
lung disease. Increased cell count in BALF,
particularly an increased lymphocyte count,
and CD4/CD8 ratio are among the parameters
assessed for the diagnosis of diffuse lung disease.
However, because of the invasiveness of the
procedure, BAL cannot be easily repeated.
Analysis of exhaled breath condensate (EBC) is
a novel technique for analyzing the lining fluid
of the lung. EBC contains other constituents
As EBC

samples can be collected noninvasively, the test
1-3)

such as small molecules and proteins.
can be repeated easily ”. Such a test may be of
major clinical relevance if they can accurately
reflect BAL findings.

In recent years, developments in protein
array technology have facilitated the compre-
hensive analysis of inflammatory molecules®®.
Although there have been numerous studies
on inflammatory molecules in BALF, there has
been a few study on the comprehensive analysis

analysis to compare cellular components
between EBC and BALF would be useful
to determine the suitability of EBC in the
screening and diagnosis of diffuse lung disease.

The technique of EBC collection is simple,
quick, safe, noninvasive, and suitable for patients
with any ages. However, analysis of EBC
obtained from sarcoidosis patients has not been
done sufficiently. In the present study, we
collected EBC and BALF samples from patients
with sarcoidosis and performed comprehensive
analyses of samples using a protein array.
Direct comparison of biomarkers using both
techniques would clarify the potential of EBC for
clinical use.

Materials and Methods

Patients

Sixteen steroid-naive subjects suspected to
have sarcoidosis who underwent bronchoscopic
examination were enrolled after giving informed

consent. The clinical characteristics of these
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subjects are shown in Table 1. Patients with
other respiratory disorders, such as asthma,
COPD, bronchiectasis, tuberculosis, acute
infection (4 weeks), and atopy were excluded.
The study was approved by the ethics
committee at Hirosaki university school of
medicine.

Collection of EBC

All patients underwent EBC collection
within 120 minutes prior to bronchoscopy.
EBC collection was performed according to a
standard protocol *¥. Subjects breathed tidally
for 10-15 minutes using a nose-clip into a special
chamber of the condenser (EcoScreen, Jaeger,
Germany). EBC samples were stored at -80 °C
until analyses were performed.

Bronchoschopy

Bronchoscopy was performed with a flexible
bronchoscope (Olympus; Tokyo, Japan). BAL
was performed according to the international
guidelines ®*. BALF was collected from the
medial lobe or lingula by the instillation and
subsequent withdrawal of 3 x 50 ml portions of
0.9% NaCl solution. The recovered BALF was
filtered through nylon gauze and centrifuged
(4 °C, 300 x g for 10 min.). The supernatant
was collected and frozen at -80 °C until analyses
were performed. The pellet was suspended in
0.9% NaCl solution. The total cell count (TCC)
was calculated (x10%6). Cytospin slides were
stained with Diff-Quik stain. The numbers
of lymphocytes were calculated under a light
microscope, and were presented as a percentage
of the TCC.

Measurement of Inflammatory
Molecules

The inflammatory molecules in EBC and

BALF were measured by Human Inflammation
Antibody Array 3 (RayBiotech, Norcross, GA,
USA). This consists of 40 different cytokine
or chemokine antibody spots. Briefly, after
pre-incubation of membranes with a blocking
buffer, 1.0 ml of BALF or EBC was added to the
membrane and incubated for 2 hours. After
washing with wash buffers, primary biotin-
conjugated antibody cocktail (1 ml) was added
to the membrane and incubated for 2 hours;
this was washed again and incubated with
horseradish peroxidase (HRP)-conjugated
streptavidin (2 ml). After the final wash,
detection buffer (500 pl) was added and
intensities were recorded by Kodak X-Omat
AR film (Kodak, Tokyo, Japan). The Biotin-
Conjugated Ig-G produces positive signals,
which can be used to identify the orientation
and to compare the relative expression levels
throughout between the different membranes.
Quantification of signal intensities on recorded
images was performed using SCION image
(Scion, Maryland, USA).

Statistical analysis

Spearman’s correlation coefficients were
calculated to determine the correlation between
protein levels in EBC and BALF, their levels
in BALF and percentage of lymphocyte in
BALF (%Lym), and their levels in EBC and
%Lym. Statistical differences in their levels of
inflammatory molecule concentration between
EBC and BALF were assessed by Mann-
Whitney U test. PASW Statistics 18.0.0 (IBM
corp., Soners, NY, USA) software was used for
the analyses. All data were expressed as means
+ SE, and significance was defined as p < 0.05.

Results

Approximately 1-2 ml of EBC was collected
in a 10- to 15-minute period in each patient. In
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Table 2 Relative molecule levels in EBC and BALF

Cytokine EBC (%) BALF (%) P value Cytokine EBC (%) BALF (%) P value
Eotaxin 2342 = 058 2187 = 094 0.175 1L-13 1056 = 1.02 13.06 = 1.00 0.102
Eotaxin2 2991 = 0.65 2843 = 0.68 0.097 IL-15 2252 = 055 2057 = 099 0.158
G-CSF 19.61 = 1.08 1839 + 148 0.504 IL-16 2323 = 097 2409 = 0.77 0.635
GM-CSF 1791 = 0.65 1439 = 1.11 0.026* 1L-17 1265 = 1.23 13.03 = 0.81 0.827
ICAM-1 2172 £ 083 3781 + 142 <0.001* 1P-10 3502 £ 1.27 3474 + 132 0.821
IFN-y 2468 + 090 2395 + 0.82 0.546 MCP-1 2457 + 051 2737 = 1.03 0.035*
1-309 25.35 = 081 26.28 + 0.66 0527 MCP-2 2124 = 071 2023 = 1.16 0.607
IL-10 2183 £+ 0.88 1950 = 0.84 0.061 M-CSF 2370 = 052 2441 = 085 0572
IL-1B 2251 = 0.88 1837 = 1.31 0.040* Mig 2227 £ 058 2092 = 061 0.097
1L-2 2094 = 092 1716 = 1.15 0.026* MIP-1a 2385 = 0.68 2218 = 054 0.065
IL-3 1812 + 2.04 20.14 + 264 0526 MIP-1B 31.00 = 0.39 3093 + 048 0.502
1L-4 1569 = 0.99 1570 = 1.03 0.982 MIP-16 1892 + 0.98 17.85 = 0.98 0.596
IL-5 2048 = 0.87 19.25 = 1.32 0.604 RANTES 30.73 = 1.08 2955 = 0.56 0.343
IL-6sR 2498 = 098 2661 = 1.04 0.142 TGF-p1 2238 £ 0.84 2153 += 081 0.604
IL-7 13.68 = 0.75 1434 = 127 0.435 TNF-a 26.13 = 0.72 2593 = 050 0.851
IL-8 2630 = 0.74 2777 = 070 0.158 TNF-B 2497 = 061 2552 = 0.68 0.607
1L-10 16.82 = 0.63 18.01 = 1.25 0.495 sTNF-RI 2262 = 041 2253 = 0.84 0.693
IL-11 11.00 = 1.14 14.03 = 143 0.063 sTNF-RII 2478 = 046 2726 = 0.68 0.013*
IL-12p40 2316 = 0.55 2383 £ 0.73 0.337 PDGF-BB 2314 = 0.70 2420 = 0.71 0.366
IL-12p70 2525 = 0.84 2388 + 0.89 0.291 TIMP-2 2188 = 091 2404 = 0.80 0.083

Relative cytokine levels to positive contorol in EBC and BALF.

IL: Interleukin. IL-6sR: IL-6 soluble receptor. TNF: Tumor Necrosis Factor. GM-CSF: Granulocyte Macrophage colony-
stimulating Factor. MCP: Monocyte Chemotactic Protein. IFN: Interferon. ICAM: Intercellular adhesion molecule.
IP-10: Interferon-y-inducible protein-10. Mig: Monokine induced by IFN-y. MIP: Macrophage inflammatory protein.
RANTES: Regulated upon Activation, Normal T cell Expressed and Secreted. sTNF-R: soluble TNF receptor. TGEF:
transforming growth factor. PDGEF: platelet-derived grows factor. TIMP: tissue inhibitor of metalloprotease.

both EBC and BALF, the levels of all 40 types
of inflammatory molecules could be measured.

Comparison with the levels of the
inflammatory molecules in EBC and
BALF

The concentrations of granulocyte macrophage
colony-stimulating factor (GM-CSF), interleukin
(IL)-1B, and IL-2 in EBC were significantly higher
than those in BALF. Those of intercellular
adhesion molecule-1 (ICAM-1), monocyte
chemotactic protein (MCP)-1, and soluble tumor
necrosis factor receptor type II (sTNF-RII) in
EBC were significantly lower than those in BALF
(Table 2).

Among the inflammatory molecules, there
were significant correlations in the levels of
granulocyte colony-stimulating factor (G-CSF),
IL-3, IL-4, IL-5, soluble form of IL-6 receptor (IL-
6sR), IL-11, IL-12p70, IL-16, interferon-y-inducible
protein-10 (IP-10), MCP-2, macrophage colony-

stimulating factor (M-CSF), regulated upon
activation, normal T cell expressed and secreted
(RANTES), TNF-0, TNF-B, sTNF-RII and tissue
inhibitor of metalloprotease (TIMP)-2 between
EBC and BALF (Figure 1).

Comparison with BALF levels of
inflammatory molecules and percentage
of lymphocytes in BALF

BALF levels of IL-8, M-CSF, RANTES, TNF-q,
STNF-RII and TIMP-2 were all significantly
correlated with %Lym (Figure 2).

Comparison with EBC levels of
inflammatory molecules and percentage
of lymphocytes in BALF

EBC levels of ICAM-1, IFN-y, IL-1p, IL-8, IL-
15, IL-16, M-CSF, macrophage inflammatory
protein (MIP)-la, RANTES, transforming
growth factor (TGF)-Bl, TNF-a, sSTNF-RI and
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Figure 1 Relationship between relative molecule levels in BALF and EBC. The lines are obtained from the
fitted regression equation.

STNF-RII were all significantly correlated with
%Lym (Figure 3).

Discussion

Researches in recent years have shown that
many types of inflammatory molecules are found
in EBC *”. The concentrations of these proteins
are considered to be extremely low, such that
most remain undetectable when standard tests

like ELISA are used ®. The present study
revealed that a comprehensive analysis of 40
types of inflammatory molecules was possible
using a protein array. Although many studies
have analyzed inflammatory molecules in BALF,
quantitative measurement of such proteins in
BALF is not always performed in the clinical
setting. As the mechanism behind inflammation
is complex, it is considered difficult to determine
the immune response in a disease based on
the examination of a single inflammatory
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Figure 2 Relationship between relative molecule levels in BALF and percentage of lymphocyte
in BALF. The lines are obtained from the fitted regression equation.

molecule. However, as protein arrays have a
high sensitivity and can also be performed using
small samples, it is a useful method for assessing
the state of inflammation.

Comparison of inflammatory molecule levels
between EBC and BALF demonstrated variable
results; some protein levels in EBC were cor-
related with BALF, while others were higher in
EBC than in BALF or vice versa. Inflammatory
molecules in EBC are likely to be derived from
the entire lower airways ¥ In contrast, those in
BAL are indicators of inflammation at the level
of the alveoli and periphery ?. The difference
in the concentration of inflammatory molecules
between the EBC and BALF samples may
therefore reflect the difference in the locations
at which these inflammatory molecules were
produced. In diffuse lung disease, BAL of the
right middle lobe or left lingula is considered to
be representative of the entire lung. However,
there is a possibility that the concentration of
inflammatory molecules in BALF is variable
depending on the location of BAL sampling .

BAL enables the evaluation of a specific area
of the lung that is sampled. On the other hand,
EBC analysis may enable the evaluation of
inflammation of the entire lung.

BALF lymphocyte subset values, the most
commonly used measurement in the clinical
setting, are known to be correlated with levels
of inflammatory molecules such as sICAM-1, IL-
1, IL-2, IL-6, IL-12, MIP-lo, MIP-1B8, RANTES,
sTNF-RIL, Mig, IP-10 and TNF-a in BALF '*
¥ In the present study, IL-8, M-CSF, RANTES,
TNF-0, sTNF-RII and TIMP-2 in BALF were
correlated significantly with %Lym. IL-8, M-CSF
and TIMP-2, whose levels were demonstrated
to be correlated for the first time, are known
also to play an important role in sarcoidosis
%) The difference between previous study and
ours may be associated with the sensitivity of
the testing kit used.

TNF-a is an important cytokine that induces

1920 " mediated

a Thl-type immune response
through TNF-R, producing inflammatory

molecules such as IP-10, IL-8 and ICAM-1 2%,
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Figure 3 Relationship between relative molecule levels in EBC and percentage of lymphocyte in BALF. The
lines are obtained from the fitted regression equation.

TNF inhibitor is known to be effective in the
treatment of sarcoidosis ®. sTNE-R, a soluble
form of TNF-R, regulates the Thl-type immune
response by inhibiting the activity of TNF-a %,
Previous studies have suggested that TNF-a
and sTNF-RII may have important roles. Only
TNF-a is known to have correlation in the level
between EBC and BALF, and between BALF
level and %Lym in patients with sarcoidosis .
In the present study, levels of M-CSF, RANTES,

TNF-a and sTNF-RII in EBC were significantly

correlated with BALF. Those levels in both
EBC and BALF were correlated with %Lym.
The analysis of these inflammatory molecules
in EBC might be equivalent to that in BALF.
Especially, RANTES and sTNF-RII levels in
EBC seem to be a good parameter which is
related to the necessity of BALF, because they
were extremely low in all cases whose %Lym
was under 10%. Additional studies are needed
to better define their clinical usability.

Finally, protein array, which is a highly
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sensitive approach, allows for cytokine detection
in EBC. Comprehensive analysis of EBC might
be equivalent to that in BALF.
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