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Abstract

Cytological examination of cells from bronchoalveolar lavage (BAL) is commonly used for the 

diagnosis of lung cancer. Proteins released from lung cancer cells into BAL may serve as 

biomarkers for cancer detection. In this study, N-glycoproteins in 8 cases of BAL fluid, as well as 

8 lung adenocarcinoma tissues and 8 tumor-matched normal lung tissues, were analyzed using the 

solid-phase extraction of N-glycoprotein (SPEG), iTRAQ labeling and liquid chromatography 

tandem mass spectrometry (LC-MS/MS). Of 80 glycoproteins found in BAL specimens, 32 were 

identified in both cancer BAL and cancer tissues with levels of 25 glycoproteins showing at least a 

2-fold difference between cancer and benign BAL. Among them, 8 glycoproteins showed greater 

than 2-fold elevations in cancer BAL, including Neutrophil elastase (NE), Integrin alpha-M, 

Cullin-4B, Napsin A, Lysosome-associaed membrane protein 2 (LAMP2), Cathepsin D, BPI fold-

containing family B member 2, and Neutrophil gelatinase-associated lipocalin. The levels of 

Napsin A in cancer BAL were further verified in an independently collected 39 BAL specimens 

using an ELISA assay. Our study demonstrates that potential protein biomarkers in BAL fluid can 

be detected and quantified.
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Introduction

Lung cancer is the leading cause of cancer-related death in the United States and 

worldwide1,2. Currently, the diagnosis of lung mass involves the combination of radiological 

and histological evaluation of the lesion. Bronchoscopy is a minimally invasive procedure 

and commonly used for obtaining lesional tissue for histological examination3–6. Several 

types of specimens can be obtained during the bronchoscopic procedure, such as 

transbronchial fine needle aspiration biopsy (TBNA) with ultrasound guidance (EBUS-

TBNA) or without ultrasound guidance, bronchial brushing and bronchoalveolar lavage 

(BAL) specimens3–6. These specimens/tests are not always conclusive in differentiating 

small benign nodules from cancer3–6. Molecular markers in the sputum, bronchial 

epithelium and blood are being evaluated7–11, and although several recent studies show 

promise of biomarkers in the improvement of the diagnostic specificity of lung cancer12–14, 

these biomarkers are still not being used clinically. Therefore, aggressive surgical 

procedures, such as video-assisted thoracoscopic biopsy and thoracotomy, are frequently 

performed in patients with suspicious lung lesions. These invasive diagnostic procedures are 

associated with a 15.9 to 32.4% complication rate and are very costly15, 16, 17.

There is evidence that proteins in BAL fluid reflect the physiological and pathological status 

of the lung18, 19. Quantitative proteomic analysis of BAL fluid has been used to study 

certain benign lung diseases such as asthma, cystic fibrosis, and interstitial lung 

disease18, 19, but the protein profile in lung cancers has not been well studied20, 21. The 

majority of proteins either secreted from cells or located on extracellular surface of cells are 

glycoproteins. Glycoproteins play important roles in the regulation of cellular functions, 

including cell differentiation, proliferation, cellular interactions with their surrounding 

environment, and invasion or metastasis of tumor cells22. In addition, most FDA approved 

clinical tumor markers are glycoproteins, such as carcinoembryonic antigen (CEA), CA125, 

CA19-9 and prostate specific antigen (PSA). Glycoproteomic analysis of lung cancer tissue 

for discovery of tumor-associated glycoproteins is now quite approachable12, 23–26.

In the past decade, several highly sensitive and quantitative proteomic techniques, such as 

high-content quantitative proteomic using liquid chromatography tandem mass spectrometry 

(LC-MS/MS) and spectral count, isobaric tags for relative and absolute quantitation 

(iTRAQ) labeling, and the multiple-reaction monitoring (MRM) have been developed27–29. 

These techniques have an increased sensitivity and throughput capability of accurate 

analysis of biological samples. For example, iTRAQ labeling technique, using stable isotope 

to label samples, allows for an accurate quantitation of the peptide abundance in biological 

samples by direct comparison of light and heavy tags from peptides in different samples in 

the same spectrum, whereas, the LC-MS/MS method determines the peptide abundance by 

spectral count based on the number of redundant spectra for each protein. The combination 

of these techniques could increase the detection of low abundance proteins in biological 

samples.

In this study, we analyzed the glycoprotein profile in discarded BAL fluid specimens 

collected from primary lung adenocarcinoma and benign lung disease patients using 

glycoproteomic approaches. We compared the relative abundance of glycoproteins in cancer 
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BAL with those in lung cancer tissue to identify potential tumor-associated glycoproteins. 

We also developed a targeted ELISA assay to show the detection of Napsin A in individual 

BAL specimens, as example to verify our observation in proteomic study of BAL. Although 

a large scale study is still needed, our data highlight the potential utility of discarded BAL 

fluid from cytological laboratory in the discovery of lung cancer biomarkers and potential 

utility of BAL for lung cancer diagnosis.

Material and Methods

Collection of BAL specimens and lung tumor tissues

BAL specimens were collected during bronchoscopic procedure from patients with primary 

lung adenocarcinomas (ADC) or benign lung diseases. During each procedure, 10 cc of 

normal saline was used to rinse the lesional area; then fluids were collected through the 

bronchoscopy into a sterilized test tube and sent to the cytological laboratory for the 

evaluation of tumor cells. After the examination of lung cells, discarded BAL fluids were 

collected from cytological laboratory. Pooled samples were used for the glycoproteomic 

analysis. Of 8 BAL specimens, 4 cases were cytologically diagnosed as “benign respiratory 

epithelium, negative for malignancy”; and 4 cases were cytologically diagnosed as 

“adenocarcinoma or poorly differentiated adenocarcinoma”. In our study, caution was taken 

not to use BAL specimens after fine needle aspiration (FNA) biopsy, to minimize blood 

contamination.

For a validation study, 39 independently collected BAL specimens, including 18 cases of 

primary lung ADCs, 6 cases of benign lung diseases, 9 cases of primary lung squamous cell 

carcinomas (SQCC), 6 cases of small cell lung carcinomas (SCLC), were used for the 

ELISA assay. All BAL specimens were centrifuged to remove cellular debris and were kept 

in a −80°C freezer prior to proteomic analysis.

In addition, lung adenocarcinoma and tumor-matched normal lung tissues were obtained 

from surgical resected specimens and included in our study. They were 4 cases of early 

stage (pT1 and pT2), 4 cases of late stage (pT3 and pT4) cancers, and tumor-matched 

normal lung tissues. All tissues were fixed in formalin and embedded in paraffin (FFEP). 

Tumor cells and tumor-matched normal tissue were microdissected for N-glycoproteomic 

analysis. The pathological stage and subtype of lung carcinoma were classified according to 

American Joint Committee on Cancer (AJCC) staging manual30, World Health Organization 

(WHO) and International Association for the Study of Lung Cancer/American Thoracic 

Society classification31.

All samples were annotated with available clinical information in a manner that protected 

patient identity. Our study was approved by the Johns Hopkins Medical Institution Review 

Board (IRB).

Materials

Hydrazide resin (Bio-Rad, Hercules, CA), Sodium periodate (Bio-Rad, Hercules, CA), Tris 

(2-carboxyethyl) phosphine (TCEP) (Pierce, Rockford IL), PNGase F (New England 

Biolabs, Ipswich, MA), Sequencing grade trypsin (Promega, Madison, WI), C18 columns 
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(Waters, Sep-Pak Vac), α-cyano-4-hydroxycinnasmic acid (CHCA) (Agilent, Palo Alto, 

CA), MALDI 4700 mass calibration standards (Applied Biosystems, Foster City, CA), and 

other chemicals were purchased from Sigma-Aldrich. iTRAQ reagent and mass calibration 

standards were from Applied Biosystems (Foster City, CA); BCA assay kit was from Pierce 

(Rockford, IL); SCX columns and C18 resin were from Sepax (Newark, DE).

Peptide extraction from FFPE tumor tissues and BAL specimens

The formalin-fixed paraffin-embedded (FFPE) tumor and tumor-matched normal lung tissue 

were cut into 10 micron in thickness, placed on a glass slide, and rehydrated prior to 

microdissection. The H&E stained sections were used to estimate the tumor content. The 

rehydrated tissue was microdissected and collected into a centrifuge vial with 25 μl of PBS 

buffer. Tissues were sonicated for 5 min on an ice bath and centrifuged at 13,200 rpm for 5 

min. 100μl of trifluoroethanol (TFE) was added to each sample and incubated for 2 hrs. 

Supernatant was collected by the centrifugation. The protein concentration in the 

supernatant and BAL specimens were measured using BCA protein assay kit (Thermo 

Fisher Scientific Inc., Rockford, Illinois). 100 μg of proteins from pooled cancer and non-

cancer tissues as well as pooled cancer and non-cancer BAL specimens were incubated with 

the trypsin digestion buffer (100 mM Tris-HCl, pH 7.5) containing 2 μg of trypsin at 37°C 

overnight. The digested peptides were used for glycopeptide isolation.

Isolation of formerly N-linked glycopeptides

The deglycosylated peptides of formerly N-linked glycopeptides were isolated using the 

solid-phase extraction of N-glycoprotein (SPEG) method as described previously26. Briefly, 

tryptic peptides from each sample of tissues and BAL specimens were cleaned with C18 

columns. Samples were eluted from C18 column in 50% of acetonitrile and oxidized by 

sodium periodate to a final concentration of 10 mM and incubated at room temperature for 1 

hr in the dark, then, samples were conjugated to hydrazide resin at room temperature for 4 hr 

in 80% acetonitrile and 0.1 % TFA (trifluoroacetic acid). Non-glycosylated peptides were 

removed by washing the resin three times each with 800μl of 1.5M NaCl, H2O, and 100mM 

NH4HCO3. Formerly N-linked glycopeptides were released from the resin by incubation 

overnight with 1μLof PNGase F in 100 mM NH4HCO3 at 37°C. The purified peptides were 

dried and resuspended into 40μl of 0.4% acetic acid and 10 μl of formerly N-glycopeptides 

from cancer and non-cancer BAL specimens were used for LC-MS/MS analysis.

iTRAQ labeling

The formerly N-linked glycopeptides from tissues and the remaining peptides from BAL 

samples were labeled by iTRAQ. iTRAQ labeling of peptides was performed as described 

previously32. Briefly, the iTRAQ 8-plex reagent was dissolved in 70μl of methanol. Dried 

tryptic peptides from each sample was resuspended into 20 μl of iTRAQ dissolution buffer, 

then mixed with 70 μl of iTRAQ 8-plex reagent and incubated for 1 hour at room 

temperature. After iTRAQ labeling, the reaction solutions were combined and cleaned by 

SCX column. Then, labeled peptides were dried and resuspended into 10 μl of 0.4% acetic 

acid solution prior to mass spectrometry analysis.
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LC–MS/MS analysis

Label-free peptides and the iTRAQ labeled peptides were analyzed by liquid 

chromatography tandem mass spectrometry (LC-MS/MS) using a Orbitrap Velos (Thermo 

Fisher Scientific Inc) interface with a nanoLC system (Eksigent, Dublin, California). 10 μl 

of label-free peptides or iTRAQ labeled-peptides were loaded on a self-packed C18 column 

(75 μm ID × 10 cm, Magic C18 5 μm, 100A), and gradient eluted over 100 minutes at 300 

nL/minute into the mass spectrometer. The HPLC mobile phase A and B were 0.2% formic 

acid in HPLC grade water and 0.2% formic acid in HPLC grade acetonitrile, respectively. 

The mobile phase B was increased from 5% to 40% in 90 min. LC–MS/MS data was 

obtained using a data dependent analysis of the top ten precursors and a dynamic exclusion 

of 30 seconds. Mass range for precursor ion acquisition was set at 350–1700 m/z with mass 

resolution of 30,000. All MS/MS were acquired using Orbitrap after HCD. In label free 

experiment, ion was isolated with 1.9 mass window and HCD collision energy for 

fragmentation was set at 35. In iTRAQ experiment, ion was isolated at 1.2 mass window 

with collision energy set at 45.

LC–MS/MS data analysis

The acquired LC–MS/MS data was searched against the Homo sapiens taxonomy of the IPI 

Human database V3.52 (73,928 sequences) using Sequest (search algorithm within 

Proteome Discoverer, Thermo Scientific version 1.3) with following parameters: two missed 

cleavages allowed, trypsin as cleavage enzyme, a tolerance of 50 ppm on precursors and 0.8 

daltons on the fragment ions. Modifications allowed include: carbamidomethylation of 

cysteines sets to static, oxidation of methionine and deamidation of asparagine and 

glutamine set to variable. Peptides were further filtered for consensus sequence of N-linked 

glycosylation motif NXS/T. Data was also searched against a decoy database and filtered 

with a 5% false discovery rate (FDR).

Formerly N-glycopeptides identified from individual BAL samples were further analyzed to 

obtain semi-quantitative data using spectral counts. The relative ratio of the abundance of 

glycoproteins between cancer and benign BAL samples was calculated. The relative ratio of 

iTRAQ-labeled tissues and BAL was from Proteome Discoverer, Thermo Scientific version 

1.3.

Enzyme-linked immunosorbent assay (ELISA)

Napsin A levels in BAL specimen were determined using an ELISA assay kit per 

manufacturer’s protocol. Napsin A assay kit was purchased from IBL international (Toronto, 

ON, Canada). Briefly, 100 μl of BAL specimens were incubated in a 96-well microtiter plate 

pre-coated with Napsin A capture antibody overnight at 4 °C, followed by incubation with a 

HRP conjugated mouse anti-human Napsin A antibody for 30 min at 4 °C. Substrate 

solution containing tetra methyl benzidine was then added and allowed to react for 20 min at 

room temperature (RT). The wells were thoroughly washed between incubations. 

Absorbance readings were acquired at 450 nm using an absorbance reader (Biotek, 

Winooski, VT). Standard curves were generated from a four-parameter logistic curve fit 

using recombinant human Napsin A (concentration range: 0–250 ng/mL). BAL samples 

with Napsin A concentrations over the range of 250 ng/mL were diluted at 1:20 or 1:50 and 
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re-measured. All specimens were assayed as duplicates. The mean of two values was 

obtained. Total protein concentration was determined for all BAL specimens using BCA 

protein assay (Thermo Fisher Scientific Inc., Rockford, Illinois). The levels of Napsin were 

expressed as ng/mg total proteins in BAL samples.

Results

Identification of glycoproteins in BAL specimens

In the study, we collected discarded BAL fluid specimens from cytological laboratory, 

including both cancer and benign cases. The morpholocial features of ADC, SQCC and 

SCLC were summarized in Figure 1. The clinical information of BAL specimens for LC-

MS/MS analysis was summarized in Table 1. We analyzed the glycoprotein profiles in BAL 

specimens, using the following steps: 1) recover tryptic peptides from BAL specimens, 2) 

isolate formerly N-linked glycopeptides using SPEG method, 3) quantitatively analyze and 

compare isolated peptides between cancer and benign BAL specimens.

Formerly glycosylated peptides obtained using SPEG approach were deglycosylated and 

subsequently analyzed by LC-MS/MS. The acquired LC–MS/MS data was searched against 

IPI Human database as well as a decoy database and filtered with a 5% FDR. These 

identifications contained the consensus sequence of N-linked glycosylation N-X-S/T motif 

(X is any amino acid except proline). In BAL specimens, a total of 123 unique N-linked 

glycosites that contained at least one N-X-S/T motif were identified (Supplementary Table 

1).

Peptides identified from BAL samples were further analyzed to obtain semi-quantitative 

data using spectral counts to determine the relative abundance for each protein. The MS/MS 

spectra were also used to search protein database SEQUEST. The 123 unique N-glycosites 

from 80 glycoproteins were identified in cancer or benign BAL specimens (Supplementary 

Table 1). For Napsin A, we were able to identify 31 peptide to spectra matches (PSMs) in 

cancer samples and 15 PSMs for benign samples.

Further determine the lung cancer-derived glycoproteins in BAL using iTRAQ labeling

To further determine which of the glycoproteins in BAL specimens originated from lung 

cancer tissues, we analyzed glycoproteins from BAL specimens and lung cancer tissues 

using iTRAQ labeling approach, and compared the protein abundance in BAL specimens 

with the abundance in lung tumor tissues. It is well known that cellular proteins from lung 

tissues are expressed at different stage of the tumor; therefore, we included both early and 

late stage of lung adenocarcinomas tissues and their matched non-tumor tissues in our study. 

In the study, we analyzed pooled specimens from 6 groups: benign BAL, cancer BAL, early 

stage lung tumor tissues, late stage lung tumor tissues, and early and late stage of tumor-

matched non-tumor lung tissues. Formerly N-glycopeptides from these 6 groups were 

isolated from each pooled specimens and labeled with iTRAQ. The iTRAQ labeled peptides 

mixture was analyzed by LC-MS/MS. A total of 32 glycoproteins were identified in both 

BAL specimens and tumor tissues (Table 2 and Supplement Table 2).
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The analysis of glycoproteins using the combined approaches of SPEG capturing and 

iTRAQ labeling demonstrated a specific correlation of N-glycoproteins in cancer tissue and 

the presence of those tumor glycoproteins in cancer BAL specimens.

In spite of the fact that the same amount of protein from each specimen was analyzed using 

the same procedure, the levels of each glycoproteins were different between cancer and 

benign BAL as well as in early and late stage of lung tumor tissues. Of 32 glycoproteins 

identified in both BAL specimens and tumor tissues, 8 proteins showed greater than 2-fold 

elevations in cancer BAL, including Neutrophil elastase (NE), Integrin alpha-M, Cullin-4B, 

Napsin A, Lysosome-associaed membrane protein 2 (LAMP2), Cathepsin D, BPI fold-

containing family B member 2, and Neutrophil gelatinase-associated lipocalin (Table 2).

Detection of Napsin A in BAL specimens by the ELISA assay

Of these 8 elevated proteins in cancer BAL, a particularly interesting one is Napsin A, which 

has been established as a marker for the identification of lung adenocarcinoma in tumor 

tissue30, 31. Identification of Napsin A in the BAL fluid using LC-MS/MS analysis is shown 

in Figure 2. We further investigated the expression of Napsin A in an independently 

collected BAL sample set using an ELISA assay, which included BAL samples from both 

NSCLC and SCLC as well as benign lung diseases. The clinical information of patients was 

summarized in Table 3. The protein concentration of individual specimen was also 

determined and used for the normalization of Napsin A levels. The mean levels of Napsin A 

in benign disease, ADC, SQCC and SCLC were 55.48±39.13 (mean ± SE), 295.23±104.56, 

102.16±34.50 and 50.41±28.71 ng/mg total BAL proteins (Figure 3). There is a significant 

difference between benign and adenocarcinoma groups (P<0.05, P= 0.041, the Student’s T 

test).

We also performed a receiver operating curve (ROC) analysis comparing the level of Napsin 

A in benign lung disease with ADC group (Figure 4), that revealed an area under the curve 

(AUC) of 0.846. Using an arbitrary cutoff at the level of 55 ng/mg total BAL protein (the 

mean level of Napsin A in benign lung diseases) resulted in a sensitivity of 84.21%, 

specificity of 66.67%, apparent positive predictive value (PPV) of 84.21% and apparent 

negative predictive value (NPV) of 66.67% for distinguishing benign and ADC in BAL 

fluids.

Discussion

In the study, we compared N-glycoprotein profile in BAL specimens with that of tumor 

tissues and tumor-matched normal lung tissues. There are several advantages of our strategy 

of focusing on the identification and verification of glycoproteins using both tumor tissue 

and BAL specimen. First, the glycopeptides-capturing technique can enrich low abundance 

extracellular tumor-derived proteins in the BAL. Second, SPEG glycopeptide capturing 

reduces the complexity of the BAL proteome by eliminating the dominant serum proteins, 

which are typically non-glycoproteins. Third, iTRAQ isotopic labeling of peptides from 

BAL and tissue can further verify glycoproteins from both samples and facilitate the 

detection of low abundance tumor-derived proteins within complex BAL. We were able to 

identify 80 unique N-glycoproteins in both cancer and benign BAL specimens. Our study 
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provides evidence that BAL specimen represents a lung compartment-specific biofluid and 

can be analyzed for biomarkers discovery. Futhermore, in the United States, 94 million 

individuals who are current or former smokers are at high risk of developing lung cancer, 

and the majority of smokers harbor small lung nodules17. Thus, it is becoming increasingly 

important to distinguish small benign nodules from cancer with minimally invasive 

procedures. Our quantitative proteomic analysis of BAL fluid was useful for characterizing 

the complex alveolar microenvironment in lung cancers and facilitating the identification of 

tumor-associated protein biomarkers; and for the separation of benign from malignant 

lesions.

Of 80 N-glycoproteins identified in BAL, a particularly interesting one is Napsin A. Our 

previously published study and others have shown that Napsin A is a novel lung tissue 

marker and expressed in lung adenocarcinomas33, 34. We conducted an ELISA assay using 

an independent set of BAL samples; and found an elevated Napsin A level in 

adenocarcinoma BAL in comparison to benign lung disease BAL. The ROC analysis 

comparing the level of Napsin A in benign lung disease with ADC group, revealed an AUC 

of 0.846. Using an arbitrary cutoff at the level of 55 ng/mg total BAL protein resulted in the 

sensitivity of 84.21% and the specificity of 66.67%, respectively. Our analysis was only 

based on a small number of cases. Obviously, a larger scale of study is necessary to further 

evaluate the utility of these potential protein biomarkers in the identification of cancers. Our 

data demonstrated a correlation of specific glycoproteins in cancer tissue/cells and the 

presence of those glycoproteins in cancer BAL specimens. The fact that tumor-specific 

proteins were detectable in cancer BAL also suggests that potential biomarkers could be 

used for the detection of cancer using BAL35.

Currently, the diagnosis/classification of small non-calcified solitary pulmonary nodule 

(SPN) is difficult and involves combinations of radiological surveillance, cytological 

examination of malignant cells in either conventional sputum or bronchoscopic specimens 

such as bronchoalveolar lavage (BAL), bronchial brushing, transbronchial fine needle 

aspiration biopsy (TBNA). These tests are not always conclusive in differentiating benign 

nodules from cancer. Over the past decade, several clinical trials using highly sensitive 

image technology, such as low-dose computed tomography (LDCT), have improved our 

ability to detect early lung cancers, that are usually with small sizes of tumors, from benign 

nodules. However, lung cancer screening trials in both the United States and Europe have 

also shown high false-positive rates17, 36. For example, in the European NELSON trial, 1451 

nodules (19.2%) were diagnosed as indeterminate and 119 nodules (1.6%) diagnosed as 

positive for carcinoma, but only 70 cases (0.9%) were confirmed to be lung cancers after 

further pre-surgical work-up36. In recent large scale United States National Lung Cancer 

Screening Trial (NLST), any non-calcified solitary pulmonary nodule (SPN) measuring at 

least 4 mm in any diameter by LDCT was classified as “suspicious for lung cancer”17. 

Among the 26,309 individuals enrolled in the trail, 39.1% had at least one positive screening 

result during the entire screening phase17. The total false positive rate among positive tests 

with LDCT was 96.4%, and only 3.6% of the patients (649 cases) were confirmed to 

actually have lung cancers17. Thus, aggressive surgical procedures, including 

mediastinoscopy, thoracoscopy and thoracotomy are frequently performed in patients with 
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suspicious nodules. These invasive diagnostic procedures are associated with a 15.9 to 

32.4% complication rate among patients17 and are very costly15, 16. It is becoming 

increasingly important to distinguish small benign nodules from cancer with minimally 

invasive procedures and reduce the use of more invasive second-line procedures. Our data 

indicate that Napsin A and other proteins in airway fluid have a potential to be used as 

biomarker to develop a surrogate test for the detection of lung adenocarcinoma (which is the 

most common type of lung cancers), therefore, to improve our ability of separation cancer 

from benign lung nodules in high risk patients. Furthermore, recent study also demonstrated 

that Napsin A is not only a marker of adenocaecinoma but also a potential prognostic 

marker, using shotgun LC-MS/MS studies and selected-reaction monitoring (SRM) mass 

spectrometry24.

A recent study by Kikuchi T, et al has shown that 3621 proteins were identified from pooled 

lung tumor tissue using in-depth proteomic analysis12. In the study, they analyzed both ADC 

and SQCC tumor tissue using the shotgun proteomic method, and further validate their 

findings using multiple reactions monitoring MS, IHC staining and Western blotting 

analysis. In comparison to their study, we have also identified protein lipocalin in cancer 

BAL using SPEG and iTRAQ approaches. Furthermore, Zeng X, et al studied serum 

glycoproteins in ADC and SQCC patients using SPEG and LC-MS/MS approached37. They 

found that 22 glycoproteins showed signigicant changes in sera from lung cancer patients. 

Interestingly, we also identified 7 of those glycoproteins in cancer BAL fluid, including 

Cathepsin D, Complement factor I, Kininogen-1, Kallistatin, Leucine-rich alpha-2-

glycoprotein, Multimerin-1 and plasma protease C1 inhibitor. Taken together, these findings 

are important and suggest that unique tumor-derived proteins can be identified in lung 

parenchyma and in airway fluid, and some of them could also be further detected in the 

serum.

Some of the glycoproteins identified in BAL have been reported to play critical roles in lung 

cancers. For example, NE has been suggested to play an important role in NSCLC38–40. 

Early study has shown that the immunoreactive NE produced by lung cancer cell could 

facilitate the invasion of the cancer either by directly dissolving the tumor matrix or 

indirectly by activating a protease cascade38. Recent study has also found that patients with 

certain mutations in the promoter region of NE gene have an increased risk for developing 

lung cancers39. NE may be a potential therapeutic target in lung cancer40. Furthermore, the 

expression of Cathepsin D has been detected in lung adenocarcinomas41, and its expression 

has been suggested to correlate with poor differentiation of tumor and to be a potential 

prognostic marker for lung adenocarcinoma42. Oumeraci T, et al also demonstrated that 

several proteins were differentially expressed between cancer and non-cancer BAL fluid 

detected by MALDI (matrix-assisted laser desorption/ionization) approach43. Kahn N, et al. 

has studied molecular markers in endobronchial epithelial-lining fluid and found that 4 

genes were upregulated in NSCLC patients, including tenascin-C, [c-X-c motif] ligand 14, 

S100 A9 and keratin 1744, All these studies indicate that glycoproteins have the potential to 

be used as biomarkers to improve the diagnosis of lung cancer and monitoring disease 

progression in lung cancer patients.
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In our study, the expression of Napsin A was detected in more than 80% of pT1 and pT2 

tumors using IHC approach, however, LC-MS/MS data showed a decrease level of Napsin 

A in early tumor in the comparison to the tumor-matched normal tissue. This could be due to 

several reasons. It is well known that the presence of alveolar macrophages in the normal 

lung parenchyma may potentially affect the level of Napsin A33. Secondly, the sampling 

error might occur, since we only had a few cases in the LC-MS/MS study. Obviously, a 

larger scale of study is necessary to further validate our findings.

In summary, our results demonstrate that glycoproteins in BAL fluid can be detected and 

quantified. Among them, potential protein biomarkers can be identified. A large scale study 

is necessary to further investigate the role of tumor-associated proteins in lung cancer.

Supplementary Material
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Figure 1. 
Cytological diagnosis of cells in BAL specimens. (A) benign reactive bronchial epithelium, 

(B) adenocarcinoma (ADC), (C), Squamous cell carcinoma (SQCC), and (D) Small cell lung 

carcinoma (SCLC). Papanicolaou stain X40.
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Figure 2. 
Identification of Napsin A in BAL and lung adenocarcinoma tissues. The MS/MS spectrum 

corresponding to Napsin A peptide [ASSSFQAN*GTK] was detected in both BAL 

specimen and tumor tissue. N* is the N-linked glycosylation site and deaminated to Aspartic 

Acid (D) when N-glycans were released from the site by PNGase F. Insert: iTRAQ report 

ions for Napsin A peptide from different tissue and BAL samples. The report ions are:

113 Pooled benign BAL

115 Pooled non-tumor tissue from early stage tumor

116 Pooled tumor tissue from early stage tumor

117 Pooled non-tumor tissue from late stage tumor

118 Pooled tumor tissue from late stage tumor

119 Pooled cancer BAL
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Figure 3. 
Detection of glycoproteins in BAL specimens by ELISA assay. BAL fluid specimens were 

collected from lung cancer and benign lung disease patients. Napsin A levels in benign lung 

disease, adenocarcinoma (ADC), Squamous cell carcinoma (SQCC), and Small cell lung 

carcinoma (SCLC) were determined.
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Figure 4. 
ROC analysis of Napsin A concentrations in BAL fluid from benign lung disease (n=7) and 

adenocarcinoma (n=18). AUC=0.846. The sensitivity and specificity are 84.21 % and 

66.67%, respectively.
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Table 2

Quantitative analysis of proteins from BAL and lung tissues using iTRAQ

Description 116/115 118/117 119/113

Neutrophil elastase 0.646 1.356 29.382

Integrin alpha-M 0.713 2.146 20.499

Cullin-4B 0.883 0.921 15.264

Napsin-A 0.286 4.252 5.145

LAMP2 0.479 1.772 4.675

Cathepsin D 0.436 61.061 3.897

BPI fold-containing family B member 2 0.789 1.585 3.064

Neutrophil gelatinase-associated lipocalin 0.873 0.961 2.695

Ig alpha-2 chain C region 0.665 5.955 1.799

Myeloperoxidase 0.816 0.884 1.596

Immunoglobulin J chain 0.592 10.353 1.456

Galectin-3-binding protein 0.560 8.286 0.981

Hemopexin 0.711 4.157 0.920

Alpha-1-antitrypsin 0.986 0.998 0.623

Beta-2-glycoprotein 1 0.407 11.946 0.504

Sushi domain-containing protein 2 0.030 0.256 0.487

Ceruloplasmin 0.986 0.998 0.458

Clusterin 0.639 3.438 0.419

Plasma protease C1 inhibitor 0.561 8.115 0.397

Plasma kallikrein 0.951 4.237 0.371

Complement factor B 0.400 9.984 0.297

Afamin 0.549 13.601 0.297

Complement C4-A 0.347 4.982 0.262

Kininogen-1 0.584 5.449 0.225

Ig mu chain C region 0.390 3.613 0.184

Haptoglobin 0.574 22.625 0.142

Ig gamma-2 chain C 0.671 10.092 0.104

Ig gamma-1 chain C region 0.742 5.833 0.098

Ig gamma-4 chain C region 0.649 5.405 0.084

Ig gamma-3 chain C region 0.739 4.995 0.067

Complement C3 0.989 5.559 0.060

Fibrinogen beta chain 0.302 0.998 0.036

113 Pooled benign BAL

115 Pooled non-tumor tissues from early stage tumor

116 Pooled tumor tissues from early stage tumor

117 Pooled non-tumor tissues from late stage tumor

118 Pooled tumor tissues from late stage tumor

119 Pooled cancer BAL
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