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Abstract

Oxidative stress is involved in asthma. This study assessed the carbonylation of sputum proteins in 23 uncontrolled adult asthmatic patients and 23

healthy controls. Carbonylated proteins (68 kDa and 53 kDa) were elevated in asthmatics when compared to controls and the 68-kDa carbonylated p
was significantly correlated with sputum eosinophilia. The kinetics of protein carbonylation in bronchoalveolar lavage fluid (BALF) were then examine:
mouse ovalbumin-induced allergic inflammation model. It was found that the carbonylation of various BALF proteins did not uniformly occur after
challenge. The appearance of the 53-kDa carbonylated protein was limited within 24 h, while carbonylation of 68-kDa protein peaked at 48 h and was
associated with BALF eosinophilia. Thus, it was demonstrated that the 68-kDa and 53-kDa proteins, corresponding to albumin and al-antitrypsin,
respectively, were specifically carbonylated in allergic inflammation in humans and in mice and that eosinophils may play a role in mediating carbonyl
of albumin.
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Introduction

Asthma is a chronic inflammatory disorder of the airways. A growing body of evidence suggests that oxidative stress is involved in allergic airway inflammation in asthma 1, 2 and thus a variety of mar
have been demonstrated to reflect the oxidative stress in asthma 3-6. It is known that protein carbonylation reflects the oxidation of Lys, Arg or Pro residues in proteins and protein carbonyl content is
most commonly used marker for protein oxidation in body fluids 7-9. However, the formation of protein carbonyls in asthmatic airways is not fully understood. Nadeem et al. 3 demonstrated an increas
plasma protein carbonyls in asthmatics. Foreman et al. 10 found increased levels of protein carbonyls among BALF proteins in atopic asthmatic adults 18 h after allergen challenge. In asthmatic childi
number of inflammatory cells in bronchoalveolar lavage fluid (BALF) was significantly correlated with the concentration of protein carbonyls 11. On the other hand, some reports have demonstrated nc
increase in protein carbonyls in sputum from patients with mild asthma 12 or in BALF from asthmatic children 11 when compared to healthy subjects. Few studies have focused on specifying the indiv
proteins that are carbonylated in asthmatics 10.

Sputum eosinophilia is a hallmark of uncontrolled asthmatic status 13 and a significant correlation has been reported between the frequency of asthma exacerbation and the percentage of sputum
eosinophils 14. Excess reactive oxygen species (ROS) during allergic inflammation in the lungs is largely attributed to eosinophils 15, 16, although the contribution of other sources of ROS, such as
neutrophils, lymphocytes or structural lung cells, remains uncertain.

The specific aims of this study are to assess the status of sputum protein carbonylation and its relationship with the appearance of inflammatory cells in sputum from uncontrolled adult asthmatic patie
to address the question of whether protein carbonylation uniformly occurs during the course of airway inflammation in a mouse ovalbumin (OVA)-induced allergic model.

Methods
Subjects

Twenty-three patients with bronchial asthma attending the institute's outpatient clinic were included in the study. Diagnosis was established based on current guidelines for asthma, the Global Initiative
Asthma (GINA) guidelines 17. All patients were receiving inhaled budesonide or fluticasone combined with salmeterol and salbutamol as the rescue bronchodilator based on the appropriate treatment
as per GINA guidelines. A total of 23 community-based asymptomatic volunteers were recruited as controls among the patients in our non-pulmonary clinics or among employees or trainees at our me
school. None of the volunteers had a history of asthma or other allergic disorders. All subjects were free of clinically apparent respiratory infections within the preceding 2 months and were evaluated |
physical examination and spirometry. All subjects provided written informed consent and the study was approved by the Ethics Committee of Hokkaido University School of Medicine.

Sputum induction

Before sputum induction, subjects inhaled 200 pg of salbutamol from a metered dose inhaler. Sputum induction was performed by inhalation of 4.5% NaCl for 20 min from an ultrasonic nebulizer 18.
Subjects rinsed their mouths with distilled water. Subjects were encouraged to cough throughout the procedure and regularly interrupted their inhalation of hypertonic saline in order to expectorate spt
into previously weighed, 50-ml sterile ampules. As dithiothreitol (DTT), a mucolytic agent, is reported to block immunoassay 19, we preliminarily tested whether the treatment of sputum with DTT migh
the detection of protein carbonyls. At all three concentrations of DTT tested, 3.2 mm (0.05%), 6.5 mM (0.1%) and 12.8 mm (0.2%), the appearance of carbonylated proteins in sputum did not differ, as
compared to the sample without DTT (data not shown). Thus, all of the sputum samples in this study were weighed (g) in a balance and diluted 3-fold with 0.1% DTT (Sigma Chemical Co., St. Louis, |
Samples were then mixed gently with a vortex mixer and placed in a water bath at 37°C for 30 min in order to ensure complete homogenization. Samples were removed from the water bath periodical
additional vortex mixing. The homogenized sputum was centrifuged at 800*g for 15 min in order to separate the supernatants from the cell pellets. Supernatants were aspirated and frozen at -70°C fc
analysis, while cell pellets were used for total cell counts and differentials, as described previously 20.

Mice
C57BL/6 mice were purchased from Clea Japan (Tokyo, Japan) and were used at 8-12 weeks of age. All mice were kept in plastic chambers with free access to food and water. Experimental protocol
procedures were approved by the Ethics Committee on Animal Research of the Hokkaido University School of Medicine.

Sensitization and challenge of mice

For induction of experimental allergic lung disease, sensitization and challenge was performed using the method of Li et al. 21, with some modification. Briefly, mice were immunized intraperitoneally (
with 20 pg of OVA (Sigma-Aldrich, St. Louis, MO) mixed with 4 mg of aluminum hydroxide (Imject Alum; Pierce, South Iselin, NJ) in 200 pl of PBS. Animals received booster i.p. injections of the alum-
mixture at 7 and 14 days. After the third i.p. injection at 21 days, mice were intratracheally challenged with 20 pg of OVA dissolved in 20 pl of PBS.

Bronchoalveolar lavage (BAL)

Animals were sacrificed at 0, 8, 24, 72 or 96 h after intratracheal OVA administration (n=5~8 at each time point). The trachea was dissected from underlying soft tissues and a 0.58-mm-diameter tube
inserted through a small incision. BAL was performed with two 1-ml aliquots of saline. A total of 1.8-1.9 ml of BALF was consistently recovered by this technique. BALF was centrifuged at 1500 rpm fo
at 4°C and the supernatant was stored -80°C. For differential cell count, cytospin preparations were made and stained with Diff-Quik (Green Cross, Osaka, Japan). The number and specificity of cell t
recruited into the airspaces were determined by BAL, as described previously 22.

Total protein and albumin assay

Total protein concentration in sputum and in BALF was quantified using a Micro BCA Protein Assay Reagent kit (Pierce Biotech, IL). Concentration of albumin was analysed by turbidimetric immunoas
(Autokit Micro Albumin, Wako, Osaka, Japan) as described previously for human sputum 20 and by using ELISA (Exocell Inc, Philadelphia, PA) for mouse BALF.
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Assessment of protein carbonyls

Carbonylation of sputum or BALF proteins was assessed, as described previously 23. Briefly, 4 pg of sputum supernatant protein or 16 pl of unconcentrated BALF was derivatized with
dinitrophenylhydrazine (DNP) using the OxyBlot Protein Oxidation Detection Kit (Chemicon International, Temecula, CA) and was separated by electrophoresis on 10% SDS-polyacrylamide electroph
gels. Western blots were performed using anti-DNP antibody, followed by scanning with a GT-9500 scanner (Epson, Nagano, Japan); the intensity of the bands was calculated using NIH Image softw
(version 1.62). On each blot, the recorded total DNP intensity of all bands detected in each lane or bands detected for the same molecular weight was divided by that of a standard sample. The carboi
content is given in terms of Arbitrary Units (AU).

Identification of 68-kDa carbonylated protein

The size of carbonylated proteins was analysed by Western blots before and after removing albumin from the samples. Albumin was removed using Vivapure Anti-HSA/IgG Kits (Sartorius AG, Goettir
Germany). Briefly, samples were added to 5- or 10-times the amount of HSA Affinity Resin on the spin column and were incubated on a rotary shaker for 15 min. Depleted-albumin samples were colle
after flowing through the spin column. The albumin depletion rate was ~ 95% in human sputum and 83% in BALF from mice. Sample volume was adjusted by the rate of dilution and carbonylated pro
was assessed as described above.

Estimation of 53-kDa carbonylated protein

The molecular mass of human and mouse @1-antitrypsin was determined by Western blotting on the same membrane used for OxyBlot. Specifically, after blotting for carbonyl proteins, the anti-DNP
antibody was removed, followed by incubation with @1-antitrypsin antibody (1:3000, GeneTex, San Antonio, TX) and horseradish peroxidase-conjugated rabbit anti-chicken IgY antibody (1:20 000, Ge
San Diego, CA).

Statistical analyses

All data are shown as meanszstandard error (SE). Differences between two groups were analysed by unpaired t-test. More than two means were compared by the Dannett method. All tests were perf
using SPSS Version 12.0 (SPSS Inc., Chicago, IL). A value of p<0.05 was considered to be statistically significant.

Results
Subject characteristics

Clinical characteristics and pulmonary function data for subjects enrolled in this study are summarized in Table I. None of the subjects were current smokers. There were no difference in age and pac
of smoking between asthmatics and controls. According to the clinical entities described by GINA, the 23 asthma patients enrolled consisted of seven step 3 patients and 16 step 4 patients. Sputum

sampling of patients was not performed during asthma attacks. No severe adverse effects or complications were observed during sputum induction in asthmatic patients or in controls. Forced expiratc
volume in 1 s,% predicted value (%FEV,) and forced expiratory volume in 1 s forced vital capacity (FEV,/FVC) were significantly lower in asthmatics than in controls (Table ). The percentage of eosit

in sputum from asthmatic patients was significantly elevated when compared to that from controls (Table I1).

Table I. Subject characteristics
Controls (n=23)  Asthmatics (n=23)

Male/female 18/5 13/10
Age,y 434 5243
Never/Ex 1617 14/9
Step 1/2/3/4 = 0/0/7/16
FEVy, % pred. 102.4+2.7 78.7+4.9%
FEV,/FVC,% 87.4+2.2 67.5+2.3*

*p<0.05 vs. Controls. Data are presented n or means=SE.

Table Il. Sputum characteristics
Controls (n=23)  Asthmatics (n=23)

Total protein, mg/dl 77+10 155+28*
Neutrophils,% 305 3315
Eosinophils,% 2+1 23+5*
Macrophages,% 38+4 21+4*
Lymphocytes,% 29+4 24+4

*p<0.05 vs. Controls. Data are presented means=SE.

Carbonylated proteins in sputum

In order to assess the relationship between oxidation of proteins and airway inflammation, we examined protein carbonyls in sputum from 23 patients with asthma and 23 controls. Immunoblot analysi
revealed multiple carbonylated protein bands at molecular weights of 80 kDa, 68 kDa, 53 kDa and 29 kDa in most subjects when 4 pg of sputum supernatant protein was separated on 10% SDS-
polyacrylamide electrophoresis gels. Total carbonylated proteins in sputum from asthmatics was significantly higher than in controls (66.6+11.5 AU vs 28.9+7.1, p=0.0076) (Figure 1A). Carbonylated
proteins at 80 kDa and 29 kDa did not differ between the patients and controls (p=0.2145, p=0.8733, NS, respectively, data not shown). However, carbonyl proteins with molecular weights of 68 kDa &
kDa were significantly higher in asthma patients than in controls (68-kDa; 21.9+5.3 AU vs 5.4+1.6, p=0.0049, 53-kDa; 22.8+4.1 AU vs 10.9+2.8, p=0.0210, respectively) (Figure 1B-D). The percentag
eosinophils was significantly correlated with the 68-kDa carbonylated protein (n=46, r=0.552, p<0.001: Figure 2A), but not with the 53-kDa carbonylated protein (n=46, r=0.155, p=0.9041: Figure 2B)
However, there were no significant correlations between the percentage of neutrophils and the 68-kDa carbonylated protein or the 53-kDa carbonylated protein (data not shown). These data suggest |
eosinophilic airway inflammation preferentially carbonylates the 68-kDa protein in the airways of asthmatics.
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Figure 1. Protein carbonyls in sputum. (A) Comparison of total carbonylated proteins in sputum between asthmatics and controls. (B)
Representative Western blot for protein carbonyls in sputum. The 68-kDa and 53-kDa carbonylated proteins were seen in sputum of most

subjects (Lanes a and b, control subjects; Lanes c-f, patients with asthma). (C) Comparison of 68-kDa carbonylated protein in sputum betw
asthmatics and controls. (D) Comparison of the 53-kDa carbonylated protein in sputum between asthmatics and controls.
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Figure 2. Relationships between the percentage of eosinophils and the levels of 68-kDa carbonylated protein (Aa) or 53-kDa carbonylated
protein (B) in sputum.

Protein carbonyls in BALF of OVA challenged mice

We then assessed whether the carbonylation of 68-kDa and 53-kDa proteins observed in sputum from human asthmatics was also observed in BALF from a mouse OVA-induced allergic model. Wes!
blot analysis of BALF proteins revealed the appearance of multiple sized-carbonylated proteins at various time points after single intratracheal OVA challenge in OVA-sensitized mice. The major
carbonylated protein in BALF was 68 kDa and this was detected at all times, even before OVA challenge (Figure 3A), although it gradually increased at 24 h after OVA challenge and returned to base
levels at 96 h, which coincided with the appearance of eosinophils in BALF (Figure 3B) (Table Ill). In contrast, carbonylation of the 53-kDa protein in BALF was prominent at 24 h and disappeared at -
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after OVA challenge (Figure 3C), which coincided with the transient influx of neutrophils, preceding eosinophils, in BALF (Table Ill). Thus, the kinetic analysis revealed that the various BALF proteins
dynamically targeted for carbonylation at different time points and may be associated with the inflammatory cell profile in the airway lumen in this model.
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Figure 3. Time course of protein carbonyls in BALF after OVA challenge in mice. (A) Representative Western blot for protein carbonyls in m
BALF. (B) 68-kDa carbonylated protein (*p=0.008, 84.6+23.5 AU vs 15.3+4.2 at 0 h). (C) 53-kDa carbonylated protein (*p=0.010, 73.4+31.3 AU
0+0 at O h).

Table lll. BALF characteristics

Time after OVA i.t. oh 8h 24h 48h 72h 96 h
Total cells (10%/ml) 0.840.1 9.945.4 43.1£7.3¢ 21.947.3 48.7+13.6% 1032
Macrophages (10%/mi[%]) 0.8+0.1[96.3] 1.740.2 [57.3] 4.0£0.6 [17.1] 6.02.2 [32.4] 7.742.3¢[17.4] 2.040.3[35
Neutrophils (10%/mi[%]) 0.0£0.0 [2.3] 7.9+5.3 [40.0] 33.644.4* [74.0] 10.39+5.3 [38.8] 0.00.0[0.1] 0.0£0.0 [0
Eosinophils (104/mi[%]) 0.0£0.0 [0] 0.3£0.2 [1.4] 5.542.7 [8.9] 5.3+2.2 [27.5] 40.2+12.1* [81.2] 8.02.8 [61
Lymphocytes (10%/mi[%]) 0.0£0.0 [1.4] 0.1#0.1[0.3] 0.00.0 [0] 0.2+0.0 [1.3] 0.8+0.4* [1.3] 0.3+0.1[2
Total protein (ug/ml) 237420 419+121* 493+123* 360+52 310+32 150+
Albumin (ug/ml) 53+6 130:40* 11327 84+8 10827 27.

*p<0.05 vs. 0 h. Data are presented means=SE

Estimation of 68-kDa and 53-kDa carbonylated proteins

The 68-kDa and 53-kDa carbonylated proteins were expected to correspond to albumin and @ 1-antitrypsin, respectively, in accordance with previous reports 10, 24, 25. To confirm whether the 68-kDi
protein in this study is albumin, band intensities were compared before and after albumin removal with OxyBlot. As shown in Figure 4A and B, the carbonylated protein at 68 kDa selectively disappea
after albumin removal in human sputum and in mouse BALF, thus suggesting that the carbonylated protein at 68 kDa was albumin. The membrane used for OxyBlot was then re-subjected to Western
al-antitrypsin after stripping anti-DNP antibody and @ 1-antitrypsin was detected at 53 kDa in sputum samples (Figure 5A) and in mouse BALF samples (Figure 5B). An additional band at a molecula
weight lower than 53 kDa in sputum was speculated to be a truncated form of &1-antitrypsin, as reported previously for human BALF 20. Thus, the carbonylated protein at 53 kDa is, at least partly, &
antitrypsin.
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Figure 4. Representative Western blots for protein carbonyls before and after albumin removal. (A) Carbonylated proteins in sputum from a
asthmatic patient before (lane 1) and after (lane 2) albumin removal, showing disappearance of the 68-kDa band. (B) Carbonylated proteins
mouse BALF at 48 h after OVA challenge before (lane 1) and after (lane 2) albumin removal, showing the selective deletion of the 68-kDa bz

A

[Enlarge Image]

Figure 5. Representative Western blots for protein carbonyls and for a1 antitrypsin. After stripping the anti-DNP antibody, Western blotting
carried out on the same membrane using anti-al antitrypsin antibody. (A) sputum from asthmatic patient. (B) BALF from mouse at 48 h aft¢
OVA challenge (Left; anti-DNP antibody, Right; anti-al antitrypsin antibody).

Ratio of carbonylated albumin in OVA challenged mice

On ELISA, we found a significantly elevated concentration of albumin in BALF at 8 h after intratracheal OVA challenge, suggesting that plasma albumin flowed rapidly into the alveolar space (Figure ¢
However, little carbonylation was seen at that time (Figure 3B). The ratio of 68-kDa carbonylated protein to albumin was therefore determined. The ratio of carbonylated albumin was significantly incre
at 48 h after OVA challenge, as compared to before challenge (p=0.039) (Figure 6B). However, the increase on carbonylation of albumin was not parallel to the increase in albumin concentration in B
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Figure 6. Time course of albumin concentration and carbonylated albumin in BALF after OVA challenge. (A) Levels of albumin in BALF (*
p=0.031, 129.3+39.6 pg/ml vs 52.8+6.3 at 0 h). (B) Ratio of carbonylated albumin (*p=0.039, 1.8+0.5 vs 0.4+0.1 at O h).

Discussion

Epithelial lining fluid (ELF) acts as an interface between the airspace epithelium and the external environment and therefore affords protection against epithelial cell injury 26. Because the constituents
ELF form the primary targets of inflammatory ROS generated within the airway lumen, oxidative modification of certain protein targets and their functional consequences have received considerable a
10, 23, 27, 28.

In this study, we demonstrated for the first time that various protein carbonyls are present in the sputum of asthmatic patients and that a 68-kDa carbonylated protein, corresponding to albumin, is spe
correlated to the percentages of eosinophils in sputum. In the OVA-induced allergic mouse model, the carbonylation of BALF protein did not uniformly occur and each target protein had dynamic time
of carbonylation following a single OVA challenge. The appearance of 53-kDa carbonylated protein, corresponding to & 1-antitrypsin, was limited to within 24 h after OVA challenge, which coincided w
transient influx of neutrophils in BALF. On the other hand, carbonylation of the 68-kDa protein, albumin, peaked at 48 h after OVA challenge, which was associated with the increase of eosinophils in |

It should be noted that the lack of carbonylation of albumin from plasma in the early phase of allergic reaction suggests that carbonylation of BALF proteins occurs de novo in the lungs. Protein clearai
rate via the respiratory epithelial tract lining, the distal air spaces of the lung is 1-2%f/h for albumin 29, but the clearance rate increases with inflammation 30. Albumin is a quantitatively important antio:
in the blood and extracellular fluids 31, 32 and is known to be a carbonylation-susceptible protein in the plasma of mice, rats and rhesus monkeys 33. In humans, albumin is also the major target prote
carbonylation in the plasma in uremia 34. It has been reported that the diabetes mellitus-derived serum albumin also contains higher levels of carbonyls than normal albumin. Carbonylation of albumir
known to be a pro-oxidant risk factor in diabetic patients 35. Exogenous administration of albumin decreases concentrations of protein carbonyls in patients with acute lung injury 36. It is also consider
albumin carbonylation protects other proteins from oxidative damage 37, 38. The characterization of oxidative status of albumin would thus provide, not only useful information regarding the local and/
systemic redox state of the body, but also changes in the conformation and function of albumin, which may result in modification of its biological properties.

The increase in the 53-kDa carbonylated protein, corresponding to @ 1-antitrypsin, in the sputum of asthmatic patients and in the BALF of OVA-challenged mice is comparable to findings by Foreman
10. They reported that the majority of the protein carbonyl residues were found on a 53-kDa protein in BALF obtained 18 h after allergen challenge. Interestingly, in this study, the carbonylation of 53-}
protein did not correlate with sputum eosinophililia or neutrophilia in humans and preceded the recruitment of eosinophils in the alveolar space in the OVA-mouse model, which is in sharp contrast to t
carbonylation of albumin. Considering that sputum sampling was not performed during acute asthma attack and that the OVA-induced allergic mouse model did not mimic recurrent asthmatic status ir
humans, it is not surprising to see no correlation between the 53-kDa carbonylated protein, @1-antitrypsin and sputum neutrophilia in humans.

In general, the potential sources of ROS include monocytes, macrophages, eosinophils and neutrophils during inflammation. Protein carbonyls are reported to be closely associated with a variety of
inflammatory states 39-41. There was a significant correlation between relative BALF neutrophil count and protein carbonyls in children with chronic pulmonary diseases, such as pulmonary alveolar
proteinosis, interstitial lung disease and chronic bronchitis 42. However, inflammatory cells may not be the sole effectors of BALF protein carbonylation in the lungs. In chronic lung diseases, such as
idiopathic pulmonary fibrosis and eosinophilic pneumonia, no significant correlations were observed between carbonylated protein concentrations and cell populations in BALF 43, 44. We also previot
demonstrated that BALF protein carbonylation in smokers is age-dependent and that carbonylation is observed only in aged smokers, but not in young smokers, even though there is no difference in t
inflammatory cell profiles in BALF between the two age groups 23. The interaction between various ROS generated by inflammatory as well as structural cells and its vulnerability to each target protei
dynamically determine the formation of protein carbonyls in ELF.

In summary, this study demonstrates for the first time the diversity in protein carbonylation in allergic airway inflammation and the possible role of eosinophils as an important effector cell type to medii

carbonylation specific to albumin. These findings raise further questions on the mechanisms to address the diversity of protein carbonylation in airways. Further work is required to better understand h
protein carbonylation shapes the allergic inflammatory response.

Acknowledgements
This research was supported by scientific research grants from the Ministry of Education, Culture, Sports, Science and Technology of Japan (No. 19390221 to M.N. and No. 19590877 to T.B.).

Declaration of interest: The authors report no conflicts of interest. The authors alone are responsible for the content and writing of the paper.

mhtml:file://C:\A&H Papers Transient\ NUOVISSIMINO1\HMWA\Free Radic Res\2008... 30/11/2008



Diversity of protein carbonylation in allergic airway inflammation - Free Radical Re... Pagina 7 di 12

References
1. Talati, M., Meyrick, B., Peebles Jr, RS, Davies, SS, Dworski, R., Mernaugh, R., Mitchell, D., Boothby, M., Roberts 2nd, LJ and Sheller, JR. (2006) Oxidant stress modulates murine alle
airway responses. Free Radic Biol Med 40 , pp. 1210-1219.
2. Wood, LG, Gibson, PG and Garg, ML. (2003) Biomarkers of lipid peroxidation, airway inflammation and asthma. Eur Respir J 21, pp. 177-186.
3. Nadeem, A., Chhabra, SK, Masood, A. and Raj, HG. (2003) Increased oxidative stress and altered levels of antioxidants in asthma. J Allergy Clin Immunol 111, pp. 72-78.
4. Kelly, FJ, Mudway, L., Blomberg, A., Frew, A. and Sandstorm, T. (1999) Altered lung antioxidant status in patients with mild asthma. Lancet 354 , pp. 482-483. [ csa ] [ crossref ]

5. Wood, LG, Garg, ML, Simpson, JL, Mori, TA, Croft, KD, Wark, PA and Gibson, PG. (2005) Induced sputum 8-isoprostane concentrations in inflammatory airway diseases. Am J Respir C
Med 171 , pp. 426-430.

6. Rahman, I., Morrison, D., Donaldson, K. and Mac Nee, W. (1996) Systemic oxidative stress in asthma, COPD and smokers. Am J Respir Crit Care Med 159 , pp. 1055-1060.

7. Dalle-Donne, 1., Rossi, R., Giustarini, D., Milzani, A. and Colombo, R. (2003) Protein carbonyl groups as biomarkers of oxidative stress. Clin Chim Acta 329 , pp. 23-38.

8. Buss, IH and Winterbourn, CC. (2002) Protein carbonyl measurement by ELISA. Methods Mol Biol 186 , pp. 123-128.

9. Chevion, M., Berenshtein, E. and Stadtman, E. (2000) Human studies related to protein oxidation: protein carbonyl content as a marker of damage. Free Radic Res 33, pp. 99-108.

10. Foreman, R., Mercer, P., Kroegel, C. and Warner, J. (1999) Role of the eosinophil in protein oxidation in asthma: possible effects on proteinase/antiproteinase balance. Int Arch Allergy Irr
118, pp. 183-186.

11. Schock, BC, Young, IS, Brown, V., Fitch, PS, Shields, MD and Ennis, M. (2003) Antioxidants and oxidative stress in BALF of atopic asthmatic children. Pediatr Res 53 , pp. 375-381.

12. Aldridge, RE, Chan, T., van Dalen, CJ, Senthilmohan, R., Winn, M., Venge, P., Town, Gl and Kettle, AJ. (2002) Eosinophil peroxidase produces hypobromous acid in the airways of sta
asthmatics. Free Radic Biol Med 33, pp. 847-856.

13. Green, RH, Brightling, CE, McKenna, S., Hargadon, B., Parker, D., Bradding, P., Wardlaw, AJ and Pavord, ID. (2002) Asthma exacerbations and sputum eosinophil counts: a randomis
controlled trial. Lancet 360 , pp. 1715-1721. [ csa] [ crossref ]

14. Lemiere, C., Ernst, P., Olivenstein, R., Yamauchi, Y., Govindaraju, K., Ludwig, MS, Martin, JG and Hamid, Q. (2006) Airway inflammation assessed by invasive and noninvasive means
severe asthma: eosinophilic and noneosinophilic phenotypes. J Allergy Clin Immunol 118 , pp. 1033-1039.

15. Owen, S., Pearson, D., Suarez-Mendez, V., O'Driscoll, R. and Woodcock, A. (1991) Evidence of free radical activity in asthma. N Engl J Med 325 , pp. 586-587.

16. Sanders, SP, Zweier, JL, Harrison, SJ, Trush, MA, Rembish, SJ and Liu, MC. (1995) Spontaneous oxygen radical production at sites of antigen challenge in allergic subjects. Am J Resf.
Care Med 151 , pp. 1725-1733.

17. National Institutes of Health (NIH) — National Heart Lung and Blood Institute (NHLBI). Global Initiative for Asthma (GINA): Global Strategy for Asthma Management and Prevention. Updat:
2005. Available online at:
http:/lwww.informaworld.com/smpp/jump~jumptype=exref~frompagename=section~frommainurifile=section~fromdb=all~fromtitle=713642632~fromvnxs=v99999n1s6~cons=7910
dropin=wwwginasthmacom&to_url=http%3a%2f%2fwww%2eginasthma%2ecom (Accessed 17 October 2005)

18. Pin, I., Gibson, PG, Kolendowicz, R., Girgis-Gabardo, A., Denburg, JA, Hargreave, FE and Dolovich, J. (1992) Use of induced sputum cell counts to investigate airway inflammation in a
Thorax 47 , pp. 25-29.

19. Erin, EM, Jenkins, GR, Kon, OM, Zacharasiewicz, AS, Nicholson, GC, Neighbour, H., Tennant, RC, Tan, AJ, Leaker, BR, Bush, A., Jose, PJ, Barnes, PJ and Hansel, TT. (2008) Op!
dialysis and protease inhibition of sputum dithiothreitol supernatants. Am J Respir Crit Care Med 177 , pp. 132-141.

20. Yoshioka, A., Betsuyaku, T., Nishimura, M., Miyamoto, K., Kondo, T. and Kawakami, Y. (1995) Excessive neutrophil elastase in bronchoalveolar lavage fluid in subclinical emphysema. #
Respir Crit Care Med 152 , pp. 2127-2132.

21. Li, XM, Schofield, BH, Wang, QF, Kim, KH and Huang, SK. (1998) Induction of pulmonary allergic responses by antigen-specific Th2 cells. J Immunol 160 , pp. 1378-1384.
22. Betsuyaku, T., Shipley, JM, Liu, Z. and Senior, RM. (1999) Neutrophil emigration in the lungs, peritoneum, and skin does not require gelatinase B. Am J Respir Cell Mol Biol 20 , pp. 1303

23. Nagai, K., Betsuyaku, T., Kondo, T., Nasuhara, Y. and Nishimura, M. (2006) Long term smoking with age builds up excessive oxidative stress in bronchoalveolar lavage fluid. Thorax 61 ,
496-502. [ crossref ]

24.Van Vyve, T., Chanez, P., Bernard, A., Bousquet, J., Godard, P., Lauwerijs, R. and Sibille, Y. (1995) Protein content in bronchoalveolar lavage fluid of patients with asthma and control.
Allergy Clin Immunol 95 , pp. 60-68.

25. Wattiez, R., Hermans, C., Bernard, A., Lesur, O. and Falmagne, P. (1999) Human bronchoalveolar lavage fluid: two-dimensional gel electrophoresis, amino acid microsequencing and
identification of major proteins. Electrophoresis 20 , pp. 1634-1645. [ csa ] [ crossref |

26. Wattiez, R. and Falmagne, P. (2005) Proteomics of bronchoalveolar lavage fluid. J Chromatogr B Analyt Technol Biomed Life Sci 815 , pp. 169-178.

27. Beatty, K., Bieth, J. and Travis, J. (1980) Kinetics of association of serine proteinases with native and oxidized alpha-1-proteinase inhibitor and alpha-1-antichymotrypsin. J Biol Chem 255
3931-3934.

28. Davies, KJ. (1987) Protein damage and degradation by oxygen radicals. I. General aspects. J Biol Chem 262 , pp. 9895-9901.
29. Folkesson, HG, Matthay, MA, Westrdm, BR, Kim, KJ, Karlsson, BW and Hastings, RH. (1996) Alveolar epithelial clearance of protein. J Appl Physiol 80 , pp. 1431-1445.
30. Hastings, RH, Folkesson, HG and Matthay, MA. (2004) Mechanisms of alveolar protein clearance in the intact lung. Am J Physiol Lung Cell Mol Physiol 286 , pp. 679-689.

31. Wayner, DD, Burton, GW, Ingold, KU and Locke, S. (1985) Quantitative measurement of total, peroxyl radical-trapping antioxidant capability of human blood plasma by controlled peroxidi
FEBS Lett 187 , pp. 33-37. [ crossref | [ pubmed ]

32. Halliwell, B. and Gutteridge, JM. (1990) The antioxidants of human extracellular fluids. Arch Biochem Biophys 280 , pp. 1-8.
33. Jana, CK, Das, N. and Sohal, RS. (2002) Specificity of age-related carbonylation of plasma proteins in the mouse and rat. Arch Biochem Biophys 397 , pp. 433-439.
34. Himmelfarb, J. and McMonagle, E. (2001) Albumin is the major plasma protein target of oxidant stress in uremia. Kidney Int 60 , pp. 358-363. [ crossref | [ pubmed ] [csa]

35. Rasheed, Z. and All, R. (2006) Reactive oxygen species damaged human serum albumin in patients with type 1 diabetes mellitus: biochemical and immunological studies. Life Sci 79 , pp.
2328.

36. Quinlan, GJ, Mumby, S., Martin, GS, Bernard, GR, Gutteridge, JM and Evans, TW. (2004) Albumin influences total plasma antioxidant capacity favorably in patients with acute lung injur
Care Med 32, pp. 755-759.

37. Thomas, CE. (1992) The influence of medium components on Cu(2&hairsp;+&hairsp;)-dependent oxidation of low-density lipoproteins and its sensitivity to superoxide dismutase. Biochim |
Acta 1128, pp. 50-57.

38. Wratten, ML, Sereni, L. and Tetta, C. (2001) Oxidation of albumin is enhanced in the presence of uremic toxins. Ren Fail 23 , pp. 563-571.

39. Winterbourn, CC, Buss, IH, Chan, TP, Plank, LD, Clark, MA and Windsor, JA. (2000) Protein carbonyl measurements show evidence of early oxidative stress in critically ill patients. Crit
Med 28 , pp. 143-149.

40. Witko-Sarsat, V., Friedlander, M., Nguyen Khoa, T, Capeill@re-Blandin, C., Nguyen, AT, Canteloup, S., Dayer, JM, Jungers, P., Drleke, T. and Descamps-Latscha, B. (1998) Advance
oxidation protein products as novel mediators of inflammation and monocyte activation in chronic renal failure. J Immunol 161 , pp. 2524-2532.

41. Li, L., Shoji, W., Takano, H., Nishimura, N., Aoki, Y., Takahashi, R., Goto, S., Kaifu, T., Takai, T. and Obinata, M. (2007) Increased susceptibility of MER5 (peroxiredoxin I1) knockout
LPS-induced oxidative stress. Biochem Biophys Res Commun 355 , pp. 715-721.

42. Starosta, V. and Griese, M. (2006) Protein oxidation by chronic pulmonary diseases in children. Pediatr Pulmonol 41 , pp. 67-73.

43. Bargagli, E., Penza, F., Vagaggini, C., Magi, B., Perari, MG and Rottoli, P. (2007) Analysis of carbonylated proteins in bronchoalveolar lavage of patients with diffuse lung diseases. Lun¢
pp. 139-144.

44. Rottoli, P., Magi, B., Cianti, R., Bargagli, E., Vagaggini, C., Nikiforakis, N., Pallini, V. and Bini, L. (2005) Carbonylated proteins in BAL of patients with sarcoidosis, pulmonary fibrosis
associated with systemic sclerosis and idiopathic pulmonary fibrosis. Proteomics 5 , pp. 2612-2618. [ crossref ][ csa]

List of Figures

mhtml:file://C:\A&H Papers Transient\ NUOVISSIMINO1\HMWA\Free Radic Res\2008... 30/11/2008



Diversity of protein carbonylation in allergic airway inflammation - Free Radical Re... Pagina 8 di 12

(A) p=0.0076
A
80
70
@ B0
5 50
o
s W
= 30
= 20
10
o
Controls Asihmatics
(B) Contrals Asthmatics
I LI | 1
a b © d L3 f &oa)
. - e
- =8
(€ (D) )
(AL p=0.0049 (A p=00210
30 30
25 25 1
® =2
g S 20
> 20 N
g S s
Ss 2 [
o 2
o 10 s 107
2 i
5 51
0 ]
Controls Asthmaltics Controls Asthmatics

[Enlarge Image]

Figure 1. Protein carbonyls in sputum. (A) Comparison of total carbonylated proteins in sputum between asthmatics and controls. (B)
Representative Western blot for protein carbonyls in sputum. The 68-kDa and 53-kDa carbonylated proteins were seen in sputum of most
subjects (Lanes a and b, control subjects; Lanes c-f, patients with asthma). (C) Comparison of 68-kDa carbonylated protein in sputum betw

asthmatics and controls. (D) Comparison of the 53-kDa carbonylated protein in sputum between asthmatics and controls.
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Figure 2. Relationships between the percentage of eosinophils and the levels of 68-kDa carbonylated protein (Aa) or 53-kDa carbonylated

protein (B) in sputum.
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Figure 3. Time course of protein carbonyls in BALF after OVA challenge in mice. (A) Representative Western blot for protein carbonyls in m
BALF. (B) 68-kDa carbonylated protein (*p=0.008, 84.6+23.5 AU vs 15.3+4.2 at 0 h). (C) 53-kDa carbonylated protein (*p=0.010, 73.4+31.3 AU

00 at 0 h).
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Figure 4. Representative Western blots for protein carbonyls before and after albumin removal. (A) Carbonylated proteins in sputum from a
asthmatic patient before (lane 1) and after (lane 2) albumin removal, showing disappearance of the 68-kDa band. (B) Carbonylated proteins
mouse BALF at 48 h after OVA challenge before (lane 1) and after (lane 2) albumin removal, showing the selective deletion of the 68-kDa bz
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Figure 5. Representative Western blots for protein carbonyls and for a1 antitrypsin. After stripping the anti-DNP antibody, Western blotting

carried out on the same membrane using anti-al antitrypsin antibody. (A) sputum from asthmatic patient. (B) BALF from mouse at 48 h aft¢
OVA challenge (Left; anti-DNP antibody, Right; anti-al antitrypsin antibody).
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Figure 6. Time course of albumin concentration and carbonylated albumin in BALF after OVA challenge. (A) Levels of albumin in BALF (*
p=0.031, 129.3+39.6 pg/ml vs 52.8+6.3 at 0 h). (B) Ratio of carbonylated albumin (*p=0.039, 1.8+0.5 vs 0.4+0.1 at O h).
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Time after OVA i.t.

Total cells (104/ml)
Macrophages (104/mi[%])
Neutrophils (104/ml[%])

Eosinophils (10%/ml[%])

Table I. Subject characteristics

Male/female
Age, y
Never/Ex
Step 1/2/3/4
FEV,, % pred.

FEV,/FVC %

Controls (n=23)
18/5
43+4

16/7

102.4+2.7

87.4+2.2

Asthmatics (n=23)
13/10

52+3

14/9

0/0/7/16

78.7+4.9*

67.5+2.3*

*p<0.05 vs. Controls. Data are presented n or means+SE.

Table Il. Sputum characteristics

Controls (n=23)

Asthmatics (n=23)

Total protein, mg/dl 77+10 155+28*
Neutrophils,% 3045 335
Eosinophils,% 2+1 23+5*
Macrophages,% 38+4 21+4*
Lymphocytes,% 294 2414
*p<0.05 vs. Controls. Data are presented means+SE.
Table Ill. BALF characteristics
Oh 8h 24 h 48 h
0.8+0.1 9.9+5.4 43.1+7.3* 21.9+7.3
0.8+0.1 [96.3] 1.7+0.2 [57.3] 4.0£0.6 [17.1] 6.0+2.2 [32.4]
0.0£0.0 [2.3] 7.945.3 [40.0] 33.6+4.4* [74.0] 10.395.3 [38.8]
0.0£0.0 [0] 0.3#0.2[1.4] 5.5+2.7 [8.9] 5.3%2.2 [27.5]

72h
48.7+13.6%
7.742.3% [17.4]
0.00.0[0.1]

40.2+12.1% [81.2)
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Lymphocytes (104/mi[%]) 0.0+0.0 [1.4] 0.1+0.1 [0.3] 0.0+0.0 [0]
Total protein (ug/ml) 237420 419+121* 493+123*
Albumin (ug/ml) 53+6 130+40* 11327

*p<0.05 vs. 0 h. Data are presented meanszSE
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