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Background: Currently, the identification of Clara cell and type II alveolar epithelial cell-type cancer cells
requires electron microscopy, which is a time-consuming and expensive process involving a complicated
tissue sampling procedure. The aim of this study was to identify unique biomarkers for Clara cell and type 1T
alveolar epithelial cell-type lung cancer cells, respectively, with proteomic profiling.

Methods: Six human lung adenocarcinoma cell lines (A549, NCI-H358, NCI-H1650, HCC827,
NCI-H1395, and NCI-H1975) were investigated for their ultrastructural characteristics. The differentially
expressed proteins (DEPs) were screened between NCI-H358 cells (Clara cell type) and A549 cells (type 1T
alveolar epithelial cell type) using two-dimensional difference gel electrophoresis (2D-DIGE) and matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS/MS), and then they
were validated by western blot. The protein expression levels of endoplasmic reticulum oxidoreductin 1-a
(ERO1L), Clara cell 10-kD protein (CC10), and surfactant protein C (SP-C) were also determined in the six
cell lines assayed.

Results: NCI-H358 cells featured Clara cell differentiation; A549, NCI-H1975, and HCC827 cells
had characteristics of type II alveolar epithelial cells; and NCI-H1395 and NCI-H1650 cells had no
differentiation characteristics of any lung adenocarcinoma cell type. Five DEPs including ubiquitin carboxyl-
terminal hydrolase isozyme L1 (UCHLI), cytokeratin 19 (CK19), cytokeratin 8 (CK8), ERO1L, and
peroxiredoxin 2 (PRDX2) between NCI-H358 and A549 cells were identified for further validation; however,
none of them showed suitability as an effective biomarker. Similarly, CC10 and SP-C were not appropriate
biomarkers.

Conclusions: Cytological subtypes of NCI-H1975 and HCC827 cells were identified, but no promising

biomarker was discovered in the present study.
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Introduction molecular biological, and pathological studies, lung

adenocarcinoma is divided into four subtypes: preinvasive
Lung adenocarcinoma is the predominant histologic lesions, minimally invasive adenocarcinoma, invasive
subtype of lung cancer in most countries. According to adenocarcinoma, and variants of invasive adenocarcinoma (1).

the histological heterogeneity found in clinical, imaging, Lung adenocarcinoma cells can also be subclassified into
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six cytological subtypes by electron microscopy: bronchial
cell surface type with little or no mucus, goblet cell type,
bronchial gland cell type, Clara cell type, type II alveolar
epithelial cell type, and mixed cell type (2-4).

However, adenocarcinomas of Clara cell and type II
alveolar epithelial cell type are extremely similar under
light microscopy and can only be identified by electron
microscopy. Tumor cells of Clara cell type have a group of
electron-dense secretory granules, an oval or round shape,
and a diameter of 300-400 nm (Clara cell granules); whereas
tumor cells of type II alveolar epithelial cell type have
lamellar inclusion bodies with diameters of 400-600 nm
within the cytoplasm (3). Therefore, Clara cell granules and
lamellar inclusion bodies are the characteristic structures
of Clara cell and type II alveolar epithelial cell-type lung
adenocarcinoma cells, respectively. Problems associated with
electron microscopy detection include a complicated tissue
sampling process and a high cost of classification, requiring
significant time and resources that are inconvenient for
basic medical research and clinical applications.

Advanced “-omic” technologies, including proteomics,
have opened up new avenues for gene expression profiling
and detection of biomarkers for the identification of
cytological subtypes of lung adenocarcinoma. In this study,
we aimed to identify unique biomarkers for the molecular
subtyping of Clara cell and type II alveolar epithelial cell-
type adenocarcinomas with proteomic profiling. We then
compared the molecular biomarker findings with the
diagnosis rendered by electron microscopy.

Methods
Cells and antibodies

Six human lung adenocarcinoma cell lines (A549,
NCI-H358, NCI-H1650, HCC827, NCI-H1395, and
NCI-H1975) were purchased from the Cell Bank of the
Chinese Academy of Sciences, China. Cells were cultured
in RPMI 1640 (Gibco, USA) supplemented with 10% fetal
bovine serum (Gibco, USA). The primary antibodies used
in the present experiments included mouse anti-human
cytokeratin 19 (CK19) antibody (ZSGB-BIO, China),
mouse anti-human cytokeratin 8 (CK8) antibody (ZSGB-
BIO, China), rabbit anti-human peroxiredoxin 2 (PRDX2)
antibody (Abcam, UK), mouse anti-human ubiquitin
carboxyl-terminal hydrolase isozyme L1 (UCHL1) antibody
(Bioss, China), rabbit anti-human Clara cell 10-kD protein
(CC10) (Santa Cruz, USA), rabbit anti-human pulmonary
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surfactant protein C (SP-C) (Proteintech, USA), and
rabbit anti-human endoplasmic reticulum oxidoreductin
1-a (EROILL) (Proteintech, USA). The present study does
not need ethics approval because of no animals or people
involved.

Electron microscopy

Cultured cells from the A549, NCI-H358, NCI-H1650,
HCC827, NCI-H1395, and NCI-H1975 cell lines were
digested with trypsin, washed with precooled phosphate-
buffered saline (PBS), centrifuged at 1,000 x g and 4 °C for
5 min, and fixed with 2.5% glutaraldehyde at 4 °C overnight.
After washing with PBS, the cells were fixed in 1%
osmium tetroxide for 1 h and embedded in EPON resin.
Sections of 50-70 nm in thickness were cut and stained
with uranyl acetate/lead citrate and were then examined
and photographed using a Philips CM-120 transmission
electron microscope.

Protein sample preparation

Cultured A549 and NCI-H358 cells (passages 4-7) were
collected and washed in precooled PBS, respectively. The
total protein was extracted in lysis buffer (7 M urea, 2 M
thiourea, 4% CHAPS, 30 mM Tris, pH 8.8) supplemented
with protease and nuclease inhibitors (GE Healthcare,
USA). The homogenate was centrifuged at 25,000 x g for
30 min, and the supernatants were collected. The protein
samples were cleaned up with a clean-up kit and then
quantified with a 2D-Quant kit (GE Healthcare, USA),
according to the manufacturer’s protocols.

Two-dimensional difference gel electrophoresis (2D-DIGE)
and image analysis

2D-DIGE was performed to identify differentially
expressed proteins (DEPs) between A549 and NCI-H358
cells in four biological replicates (Table I). Cy3 and Cy5 dye
swap experiments were performed to avoid dye biasness.
A 50-pg sample of cleaned-up proteins from A549 and
NCI-H358 cells (passages 4-7), respectively, was mixed
with 1.0 pL of diluted fluorescent dye (400 pmol), according
to the manufacturer’s instructions. Samples from each cell
line were respectively labeled with Cy3 or Cy5 (Abcam,
UK), whereas a pooled sample by mixing equal amounts of
protein from all samples in the experiment was labeled with
Cy2 (Abcam, UK). Following labeling, the samples were
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Table 1 Dyeing allocation schemes of the 2D-DIGE experiments

Gel No. Cy3 Cy5

Gel 1 A549 passage 4 NCI-H358 passage 4
Gel 2 A549 passage 5 NCI-H358 passage 5
Gel 3 NCI-H358 passage 6 A549 passage 6

Gel 4 NCI-H358 passage 7 A549 passage 7

2D-DIGE, two-dimensional difference gel electrophoresis.

incubated in the dark on ice for 30 min, and 1 pL of 10 mM
lysine was added to terminate the reaction. Cy3-, Cy5-, and
Cy2-labeled samples and internal standards were pooled
and adjusted to equal volumes using rehydration buffer
[8 M urea, 2% CHAPS, 0. 4% immobilized pH gradient
(IPG) buffer, and 0.28% dithiothreitol (DTT)]. The
samples were loaded onto an IPG gel strip (24 cm, linear,
pH 4-7) for isoelectric focusing on an IPGphor isoelectric
focusing system (GE Healthcare, USA). The parameters
were 30 V for 6 h (rehydration) at 20 °C, 500 V for 1 h,
gradient to 1,000 V for 1 h, gradient to 8,000 V for 1 h,
and 8,000 V for 7 h. After isoelectric focusing, the strips
were first equilibrated in equilibration solution of 50 mM
Tris-HCI (pH 8.8), 6 M urea, 30% (v/v) glycerol, 2% (w/v)
sodium dodecyl sulfate, and 1% (w/v) DTT for 15 min,
and then again in the same solution without DTT [DTT
was replaced with 4% (w/v) iodoacetamide] for a further
15 min. The IPG strips were then loaded on the top of
12.5% polyacrylamide gels using an Ettan DALIsix system
(GE Healthcare, USA) for electrophoresis at 2 W/gel
overnight until the bromophenol blue tracking dye reached
the bottom of the gels. The DIGE gels were scanned with
a Typhoon 9400 laser scanner (GE Healthcare, USA) at
a resolution of 100 pm to image each gel and detect the
Cy2-, Cy3-, and Cy5-labeled proteins. The gel images
were analyzed using DeCyder Differential in the Gel
Analysis software (GE Healthcare, USA), according to the
manufacturer’s protocols. The Student’s t-test was used to
determine the DEPs between A549 and NCI-H358 cells.
The spots that showed a statistically significant difference in
abundance (variation of at least 4.5-fold, P<0.05) were used
to generate a list of candidates for further analysis.

In-gel digestion for matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-
TOF-MS/MS)

Two preparative gels were additionally made according
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to the same methods and conditions above (without
fluorescent dye) and stained with PhastGel Blue R-250.
Protein spots of interest were excised from the preparative
gels with an Ettan Spot Picker (GE Healthcare, USA) and
treated sequentially as follows: destaining, dehydration,
desiccation, and then digestion with sequencing-grade
trypsin solution (100 mM ammonium bicarbonate and
5 ng/pL trypsin) overnight at room temperature (5). The
supernatant was transferred to a new Eppendorf tube,
100 pL of 60% acetonitrile/0.1% trifluoroacetic acid was
added to the sediment, and the solution was ultrasonicated
for 15 min. The supernatant was transferred and combined
with the previous one and then freeze-dried.

The freeze-dried samples were dissolved in 2 pL of
20% acetonitrile for enzymatic hydrolysis. An aliquot of
1 pL was spotted directly onto the sample target plate.
Once dried naturally, 0.5 pL of supersaturated a-cyano-4-
hydroxycinnamic acid matrix solution in 50% acetonitrile
and 0.1% trifluoroacetic acid was spotted onto the
corresponding target plate and allowed to dry naturally.
The sample target plate was cleaned with nitrogen and
then placed in the target slot of the instrument for analysis
with a tandem TOF-MS (4800 Plus MALDI TOF/TOF™
Analyzer). The laser source at a wavelength of 355 nm was
from a Nd:YAG laser with an acceleration voltage of 2 kV.
Data were collected using positive ion mode and automatic
acquisition mode. The first-order MS scans ranged from
800 to 4,000 Da, whereas parent ions with a signal-to-
noise ratio greater than 50 were selected and analyzed by
secondary MS/MS. A total of 8 parent ions per sample
point were selected with over 2,500 accumulation times by
secondary MS/MS, 2 kV of collision energy, and closed
collision-induced dissociation. Mascot 2.2 software was
used to retrieve the original MS data with the following
parameters: database, uniprot; taxonomy, Homo sapiens
(133,549); type of search, combined (MS + MS/MS);
enzyme, trypsin; fixed modifications, carbamidomethyl
(¢); dynamic modifications, oxidation (m); mass values,
monoisotopic; protein mass, unrestricted; peptide mass
tolerance, = 100 ppm; fragment mass tolerance, = 0.4 Da;
peptide charge state, 1+; and maximum number of missed
cleavages, 1.

2D western blot analysis

A 100-pg sample of cleaned-up protein from A549
or NCI-H358 cells was minimally labeled with Cy5
fluorescent dye, respectively. In the two directions of
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vertical electrophoresis, 1-cm-long filter paper containing
a molecular weight marker was placed adjacent to the
acidic end and the alkaline end of the adhesive strip.
The remaining steps of the 2D-DIGE procedure were
followed, without the inclusion of an internal standard.
After electrophoresis, fluorescent images were captured
by a Typhoon 9400 scanner (GE Healthcare, USA) at
a resolution of 100 pm. A rectangular gel with proteins
was excised from the whole gel to transfer proteins
electrophoretically onto a polyvinylidene fluoride membrane
(GE Healthcare, USA) with the following parameters:
voltage, <25 V; current, total membrane area (cm’) x
0.8 (ma); and time of semi-dry electric transfer, 60 min.
After transfer, the membrane was blocked with fluorescent
special blocking solution for 2 h. After being washed briefly
with PBS-Tween (PBS-T) buffer, the membrane was
incubated overnight at 4 °C with rabbit anti-human CK19
antibody (1:50 dilution), mouse anti-human CK8 rabbit
(1:50 dilution), rabbit anti-human EROI1L (1:100 dilution),
rabbit anti-human PRDX2 antibody (1:250 dilution), or
mouse anti-human UCHL1 antibody (1:100 dilution)
diluted in PBS-T buffer. The membrane was washed
extensively in PBS-T buffer for removal of the primary
antibody, and then subsequently incubated with goat anti-
mouse antibody (1:500) or goat anti-rabbit antibody (1:500)
preadsorbed with Cy3 at room temperature for 2 h. The
membrane was washed extensively in PBS-T buffer to
remove the secondary antibody before it was imaged with a
"Typhoon 9400 scanner.

One-dimensional western blot analysis

Proteins extracted from A549, NCI-H358, NCI-H1650,
HCC827, NCI-H1395, and NCI-H1975 cells were
analyzed by one-dimensional western blot, according to
standard protocols. Membranes were first incubated with
the corresponding antibodies (ERO1L, 1:200 dilution;
UCHLI, 1:300 dilution; CC10, 1:200 dilution; or SP-
C, 1:200 dilution) or B-actin antibody (1:1,000 dilution)
overnight at 4 °C, and then with secondary antibody
conjugated with horseradish peroxidase for 1 h at room
temperature. The intensity of the protein bands was
quantified by densitometry and then analyzed using Image ]
software (NITH).

Statistical analysis

All data were expressed as the mean = standard error of
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the mean and analyzed by the Student’s t-test and one-way
analysis of variance. The least significant difference method
was used for multiple comparisons between each group with
SPSS 21.0 statistical software. The level of significance was
set at P<0.05.

Results

Identification of six lung adenocarcinoma cell lines by
electron microscopy

Ultrastructurally, six lung adenocarcinoma cell lines
conformed with the ultrastructural characteristics of lung
adenocarcinoma: large nuclei with an irregular folded
membrane, prominent nucleoli, microvilli on the surface of
the cells, microcavity in the cytoplasm, abundance of rough
endoplasmic reticulum, and lysosomes.

The features of Clara cell differentiation were only
observed in NCI-H358 cells, which showed dense secretory
granules of 300-400 nm in diameter and a round or oval
shape (Figure I).

The features of type II alveolar epithelial cells were
observed in A549, NCI-H1975, and HCC827 cells, which
showed numerous lamellar inclusion bodies of 400-600 nm
in diameter within the cytoplasm (Figure I).

Differential characteristics of Clara cells or type 11
alveolar epithelial cells were not observed in NCI-H1395
or NCI-H1650 cells. None of the six cell lines showed
characteristics of the bronchial surface cell type with little
or no mucus production (e.g., tall columnar cells, the
cytoplasm is rich in mitochondria and smooth-surfaced
vesicles, a lack of secretory granules, cilia are very rarely
observed, and basal bodies may exist), the goblet cell type
(e.g., the cytoplasm is filled with mucous granules of rather
low electron density, varying in internal structure), or the
bronchial gland cell type (e.g., cuboidal or polygonal cells,
mucous granules in the cytoplasm with various densities,
and oval fibrillar structures) (3).

Screening and identification of DEPs by 2D-DIGE and
MALDI-TOF-MS/MS

Protein samples isolated from four different generations of
A549 (type II alveolar epithelial cell type) and NCI-H358
cells (Clara cell type) were separated by 2D-DIGE to produce
images with Typhoon9400 (6-11). Miscellaneous spots were
deleted manually, leaving 1275+196 remaining spots in each
gel, from which a total of 735 spots were matched manually
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Figure 1 Transmission electron microscopy images of lung cancer cell lines. Features of type II alveolar epithelial cells with lamellar
inclusion bodies (black arrows) were seen in A549 (A), NCI-H1975 (C), and HCC827 (D) cells; and features of Clara cell differentiation

with electron-dense granules (black arrows) were observed in NCI-H358 cells (B). N, nucleus.

Table 2 Proteins that were differentially expressed by at least
4.5 times between A549 and NCI-H358 cells by 2D-DIGE

Ratio of spot density

Spot No. (A549/NCI-H358) P

1 11.06 0.00068
2 ~19.51 0.000048
3 -15.07 0.000083
4 -9.57 0.000069
5 -9.17 0.0036

6 -7.46 0.00029
7 -5.22 0.0014

8 459 0.0042

Ratio, ratio of the relative protein abundance between the A549
and NCI-H358 cell lines. Spot numbers correspond to the
2D-DIGE gels in Figure 2, Figure 3, and Table 3. 2D-DIGE, two-
dimensional difference gel electrophoresis.

and automatically. Eight spots were differentially expressed
by at least 4.5 times between the two cell lines (P<0.05),
among which one spot (spot no. 1) was highly expressed in
A549 cells, whereas seven spots (spot no. 2 to 8) were highly
expressed in NCI-H358 cells. The ratio of the spot density
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and the P values of spots of each protein are shown in Tible 2.
The locations of the spots of each protein analyzed by 2D
electrophoresis are shown in Figure 2. As shown in Figure 3,
the expression of each of the eight spots was converted into
three dimensions by DeCyder to facilitate analysis. Finally,
seven interesting spots (spot no. 1, 2, 3, 5, 6, 7, and 8) were
successfully detected in the preparative gels and excised
for MALDI-TOF-MS/MS to identify the corresponding
proteins. As shown in 7able 3, spots 2, 3, and 5 are from
the same protein. Therefore, a total of five proteins were
identified successfully in the present study.

Validation of DEPs with western blot

Western blot analysis was used to validate the expression
levels of UCHLI, CK19, CK8, EROI1L, and PRDX2.
As shown in Figure 4, CK19, CKS8, and PRDX2 were
successfully confirmed by 2D western blot. ERO1L and
UCHLI were further validated using one-dimensional
western blot. The results showed a high expression of
UCHLI in both A549 and NCI-H358 cells, without a
significant difference between the two cell lines (P=0.46).
EROI1L was highly expressed in NCI-H358 cells, but no
band was observed in A549 cells, showing a significant
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difference between the two cell lines (P=0.02) (Figure 5).

Protein expression levels of EROIL, SP-C, and CC10 in
NCI-H1650, HCC827, NCI-H1395, NCI-H1975, A549,
and NCI-H358 cells

To further investigate whether EROIL can be used as
a promising biomarker to distinguish tumors of Clara
cell and type II alveolar epithelial cell type, we used one-
dimensional western blot to detect the expression levels
of EROI1L as well as CC10 and SP-C in NCI-H1650,
NCI-H1975, A549, NCI-H358, HCC827 and NCI-H1395
cells. The reason that we added CC10 and SP-C to the one-
dimensional western blot validation was that CC10 exists in
Clara granules of normal Clara cells (12-14), whereas SP-C
is a human surfactant apoprotein in normal type II alveolar

epithelial cells (15). It is assumed that CC10 and SP-C may
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Figure 2 2D-DIGE gel images of proteins from A549 and NCI-H358 cells. The 2D-DIGE gel map of A549 cell proteins labeled with Cy3
(A); the 2D-DIGE gel map of NCI-H358 cell proteins labeled with CyS5 (B); 2D-DIGE analysis of the differentially expressed spots between
A549 (C) and NCI-H358 (D) cells. Spot 1 in A549 cells showed a higher density than in NCI-H358 cells (P<0.05); whereas spots 2, 3,4, 5, 6,
7,and 8 in NCI-H358 cells showed a higher density than in A549 cells (P<0.05). 2D-DIGE, two-dimensional difference gel electrophoresis.

be potential biomarkers for classification of Clara cell and
type II alveolar epithelial cell-type lung adenocarcinoma
cells. As shown in Figure 6, SP-C was expressed only in
NCI-H1975 cells; ERO1L was expressed in NCI-H1650,
NCI-H1975, HCC827, and NCI-H358 cells; and CC10
was expressed in all cell lines analyzed. ERO1L was
expressed at a lower level in NCI-H1650 cells but at a
higher level in NCI-H1975, HCC827, and NCI-H358
cells, showing statistically significant differences between
pairs of NCI-H1650 cells with NCI-H1975, HCC827, and
NCI-H358 cells (P<0.05).

Discussion

Clara cell and type II alveolar epithelial cell-type lung
adenocarcinoma cells differ in terms of morphology under

electron microscopy, but it still remains unclear how their
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Figure 3 Three-dimensional graph of proteins 1-8. Spot 1 (A,B); Spot 2 (C,D); Spot 3 (E,F); Spot 4 (G,H); Spot 5 (L]); Spot 6 (K,L); Spot
7 (M,N); Spot 8 (O,P). A, C, E, G, I, K, M, and O are from A549 cells; whereas B, D, F, H, ], L, N, and P are from NCI-H358 cells. The

amount of the protein was proportional to the volume of the protein peak in the three-dimensional representation of the spot intensity.

biological behaviors differ and whether distinguishing them
is meaningful for guiding clinical diagnosis and treatments.
The development of appropriate biomarkers to replace
tedious electron microscopic detection will greatly facilitate
research on Clara cell and type II alveolar epithelial cell-
type lung adenocarcinoma cells. In the present study, we
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used six lung adenocarcinoma cell lines to identify promising
biomarkers for classification of the two cell types. Previous
studies have demonstrated ultrastructural characteristics
of type II alveolar epithelial cells in the NCI-H226,
NCI-H726, NCI-H820, and NCI-H920 cell lines; Clara
cell in the NCI-H358, NCI-H322, and NCI-H1404
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Table 3 The corresponding proteins were detected from seven spots by MALDI-TOF-MS/MS

Spot No. Name MW (kDa)/PI Accession Score Mascot score
1 UCHL1 25,150.6/5.33 UCHL1_HUMAN 307 205
2 CK19 44,079.1/5.04 K1C19_HUMAN 533 395
3 CK19 44,079.1/5.04 K1C19_HUMAN 819 552
5 CK19 44,079.1/5.04 K1C19_HUMAN 679 408
6 CK8 53,671.1/5.52 K2C8_HUMAN 815 554
7 ERO1L 55,213.4/5.48 ERO1A_HUMAN 697 471
8 PRDX2 22,049.3/5.66 PRDX2_HUMAN 379 285

Seven spots (spot no. 1, 2, 3, 5, 6, 7, and 8) were successfully detected in the preparative gels and excised for MALDI-TOF-MS/MS to
identify the corresponding proteins. Spot no. 4 was not detected in the preparative gels. UCHL1 was the only protein expressed at least
4.5 times higher in A549 cells than in NCI-H358 cells. CK19, CK8, ERO1L, and PRDX2 were expressed at least 4.5 times higher in
NCI-H358 cells than in A549 cells. MALDI-TOF-MS/MS, matrix-assisted laser desorption/ionization; PI, isoelectric point; UCHL1, ubiquitin
carboxyl-terminal hydrolase isozyme L1; ERO1L, endoplasmic reticulum oxidoreductin 1-a; CK, cytokeratin; PRDX2, peroxiredoxin 2.

Figure 4 2D western blot graphs of CK19, CK8, and PRDX2. The green spots in the white ellipses represent the proteins CK19 (A),
CK8 (B), and PRDX2 (C) on a polyvinylidene difluoride membrane labeled with CyS5; whereas the red spots in the white ellipses represent
the proteins CK19 (A), CK8 (B), and PRDX2 (C) binding with the secondary antibody labeled with Cy3. CK, cytokeratin; PRDX2,

peroxiredoxin 2.

cell lines; and both cell types with Clara cell granules
predominating in the NCI-H441-4 and NCI-H1334
cell lines (9). The differentiation characteristics of Clara
cell type and type II alveolar epithelial cell type also have
been observed in NCI-H358 and A549 cells, respectively
(6-11). Under electron microscopy, we confirmed that

© Translational Cancer Research. All rights reserved.

all six cell lines conformed to the characteristics of lung
adenocarcinoma. The features of Clara cell differentiation
were observed only in NCI-H358 cells, whereas differential
characteristics of type II alveolar epithelial cell type were
observed in A549, NCI-H1975, and HCC827 cells. No
differential characteristics of the six cytological subtypes
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Figure 5 One-dimensional western blot showing no significant difference of UCHLI levels between the human lung cancer cell lines A549
and NCI-H358 (P=0.46) (A), ERO1L was highly expressed in NCI-H358 cells, but this protein band was not observed in A549 cells (P=0.02)

(B). B-actin expression was examined as a loading control for the two cell lines. ERO1L, endoplasmic reticulum oxidoreductin 1-0; UCHLI,

ubiquitin carboxyl-terminal hydrolase isozyme L1.

SP-C
ERO1L
CC10

B-actin

Figure 6 One-dimensional western blot analysis of SP-C, ERO1L, and CC10 in the human lung cancer cell lines NCI-H1650 (undetermined)
(A), NCI-H1975 (type II alveolar epithelial cell type) (B), A549 (type II alveolar epithelial cell type) (C), NCI-H358 (Clara cell type) (D),
HCCB827 (type II alveolar epithelial cell type) (E), and NCI-H1395 (undetermined) (F). B-actin expression was examined as a loading

control. SP-C, surfactant protein C; ERO1L, endoplasmic reticulum oxidoreductin 1-0; CC10, Clara cell 10-kD protein.

were observed in NCI-H1395 and NCI-H1650 cells,
which might be caused by loss of some of the original cell
structures during continuous passage in culture and sample
processing for electron microscopy.

By comparing DEPs that are expressed significantly
different between NCI-H358 cells (Clara cell type) and
A549 cells (type II alveolar epithelial cell type) according
to 2D-DIGE and MALDI-TOF-MS/MS experiments, a
total of five proteins (UCHL1, CK19, CK8, EROI1L, and
PRDX2) were identified. Among them, UCHL1 was not
verified by western blot, and CK19, CK8, and PRDX2 were
clearly differentially expressed between the two cell lines;
however, there was no strong-or-nothing expression pattern.
Previous studies also have revealed high expression levels

of CK19 and CK8 in almost all non-small cell lung cancer
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cells (16-20), so CK19 and CK8 appeared to be suitable as
biomarkers for non-small cell lung cancer cells but not for
Clara cell-type lung cancer cells and were excluded from
further study. EROIL was uniquely expressed at a high
level in NCI-H358 cells but not in A549 cells. Therefore,
the expression level of ERO1L was further validated in six
lung cancer cell lines (NCI-H1650, HCC827, NCI-H1395,
NCI-H1975, A549, and NCI-H358) by western blot.
The ultrastructures of these lung cancer cell lines with
high expression of EROIL were also investigated under
electron microscopy. The results showed that ERO1L was
nonspecifically overexpressed in cancer cells of Clara cell
type and underexpressed in cancer cells of type II alveolar
epithelial cell type. Therefore, the present study failed to
identify a biomarker by 2D-DIGE and MALDI-TOF-MS/
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MS. This failure might partially be caused by 2D-DIGE
and the target protein. 2D-DIGE is highly sensitive to
protein separation of microgram and even nanogram
amounts of protein, but it is unable to detect proteins with
an extreme isoelectric point, too large or too small of a
molecular weight, or a low abundance as well as membrane
proteins (21-23). In addition, the fluorescent labeling
efficiency is affected by the lysine content of the target
protein because the fluorescent dye labels lysine residues
of the protein (24,25). Increasing attention has been paid
to reverse-phase protein array that is one of antibody-
based proteomics modalities for cancer biomarker discovery
with higher sensitivity compared with 2D-DIGE and mass
spectrometry (26-28).

In the present study, CC10 and SP-C were not DEPs
found by 2D-DIGE, but previous studies have suggested
the possibility of CC10 and SP-C as biomarkers for
distinguishing Clara cell and type II alveolar epithelial cell-
type tumors (29,30); therefore, we tested these proteins in
the six lung cancer cell lines. Several studies have reported
that the existence of CC10 in Clara granules of normal
Clara cells, which are speculated as a progenitor of Clara
cell-type cancer cells (12-14,31). Other studies have
reported infrequent expression of CC10 in human non-
small cell lung cancers (29) and positive expression in only
10.2% of lung adenocarcinomas (30), which was less than
expected based on previous ultrastructural reports (32).
Thus, it is still questionable whether CC10 is suitable as a
biomarker for Clara cell-type lung adenocarcinoma cells.
SP-A, SP-B, and SP-D are synthesized by type II alveolar
epithelial cells and Clara cells, while SP-C is produced only
by type I alveolar epithelial cells in normal lungs (10,33,34).
To the best of our knowledge, SP-C as a theoretical
biomarker for the identification of type II alveolar epithelial
cancer cells has not been verified yet. Our western blot
and electron microscopy results confirmed that both CC10
and SP-C could not be used as promising biomarkers for
classification of Clara cell and type II alveolar epithelial cell-
type cancer cells. CC10 was nonspecifically overexpressed
in Clara cell-type cancer cells, whereas SP-C was
nonspecifically overexpressed in type II alveolar epithelial
cell-type cancer cells.

EROIL is an essential, endoplasmic reticulum-resident
protein that plays a widespread role in disulfide-linked
protein folding and regulation of a redox state of various
proteins in the endoplasmic reticulum (35,36). Patients with
early-stage lung adenocarcinoma who had overexpression of
EROIL were positively correlated with a poor survival; and
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knockdown of EROIL reduced the viability and migration
ability of lung adenocarcinoma cells (37). ERO1IL was
significantly upregulated in pancreatic cancer cells and
patients with high EROI1L expression had short survival
time (38). Therefore, EROIL is associated with poor
prognosis of some tumors. In the present study, EROIL
was strongly expressed in NCI-H1975, NCI-H358,
and HCC827 cells but weakly expressed in NCI-H1650
cells. Interestingly, all the cells with a strong expression
of EROI1L also expressed programmed death-ligand 1
(39,40). The expression characteristics of the strong-or-
nothing pattern of EROIL in lung adenocarcinoma cells
might be caused by its suddenly lost expression after some
biological processes, suggesting that ERO1L is not suitable
as a biomarker for Clara cell-type lung cancer cells but that
it can possibly indicate certain biological behaviors of lung
cancer cells.

Conclusions

In conclusion, we found that NCI-H1975 and HCC827
cells had characteristics of type II alveolar epithelial cells.
We identified a total of five DEPs using 2D-DIGE and
MALDI-TOF-MS/MS in the present study, but none
of them showed promise as a biomarker to distinguish
Clara cell and type II alveolar epithelial cell-type lung
adenocarcinoma cells as determined by western blot and
electron microscopy.
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