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Abstract: Lung adenocarcinoma, the most common type of lung cancer, has increased in recent years. Prognosis
is still poor, and pathogenesis remains unclear. This study aimed to investigate the membrane protein profile dif-
ferences between lung adenocarcinoma and normal tissue. Manual microdissection was used to isolate the tar-
get cells from tumor tissue and normal tissue. iTRAQ labeling combined with 2D-LC-MS/MS yielded a differential
expression profile of membrane proteins. Bioinformatic analysis was performed using Gene Ontology, WEGO, PID,
and KEGG. S100A14 protein was selectively verified by Western blotting. The relationship of S100A14 expression
with clinicopathological features in lung cancer patients was evaluated using immunohistochemistry. As a result,
568 differential proteins were identified; 257 proteins were upregulated and 311 were downregulated. Of these
proteins, 48% were found to be membrane bound or membrane associated. These proteins enable the physiologi-
cal functions of binding, catalysis, molecular transduction, transport, and molecular structure. For these differential
proteins, 35 pathways were significantly enriched through the Pathway Interaction Database, whereas 19 pathways
were enriched via KEGG. The overexpression and cellular distribution of S100A14 in lung cancer were confirmed.
We found that upregulation of S100A14 was associated with well or moderate differentiation. The iTRAQ-coupled
2D-LC-MS/MS technique is a potential method for comparing membrane protein profiles between tumor and normal
tissue. Such analysis may also help in identifying novel biomarkers and the mechanisms underlying carcinogenesis.
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Introduction

Lung cancer is one of the most frequently diag-
nosed cancers and the leading cause of cancer
death worldwide [1]. The 5-year survival of all
lung cancer patients is only approximately 16%
[2]. Lung cancer is divided into two classes:
non-small cell lung cancer (NSCLC) and small
cell lung cancer. NSCLC includes adenocarci-
noma, squamous cell carcinoma, large cell car-
cinoma, and other cell types. Lung adenocarci-
noma is the most common type of lung cancer
and has been increasing in recent years.
Although many treatments are available, its
prognosis is still poor. Smoking is the most
common cause of lung cancer overall, but lung
adenocarcinoma is the most frequently occur-
ring cell type in nonsmokers, and its pathogen-
esis remains unclear.

Proteomics, particularly quantitative proteo-
mics, is a powerful approach developed to iden-
tify differentially expressed proteins in response
to normal or tumor tissue. Proteomics has the
potential to reveal underlying molecular mecha-
nisms of disease. However, the heterogeneity of
tumor tissues limits the efficacy of proteomic
analysis. Laser capture microdissection (LCM)
technology separates target cells from hetero-
geneous tumor tissue, which improves the
accuracy of proteomic analyses. Many studies
have established the compatibility of this meth-
od with protein extraction and analysis [3, 4].
Proteomic analysis requires a large amount of
cells. LCM enables a very exact selection by iso-
lating single cells, but getting enough material
for a valid study consumes considerable time
[5]. Manual microdissection is an ideal, cost-
efficient method for situations where a clear
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demarcation between tumor and non-tumor tis-
sues is obvious, as in the lung tumor samples in
our study [6].

In recent years, proteomic studies have focused
on subcellular analysis. Subcellular proteomic
analysis has many advantages over whole-cell
proteomic analysis as the former approach has
a higher probability of detecting low-abundance
proteins, which are suspected to play an impor-
tant role in the development of cancer [7-9].

The cell membrane is involved in many biologi-
cal functions, including small molecules trans-
port, cell-cell and cell-substrate recognition and
interaction, and cell signaling transduction and
communications [10, 11]. Membrane proteins
account for approximately 30% of the whole
cell proteome and are known to be involved in
cell proliferation, cell adhesion, and tumor cell
invasion. They are also pivotal to the develop-
ment, growth, angiogenesis, and metastasis of
tumors [12-14]. Analyzing membrane pro-
teomes may help us understand carcinogenic
mechanisms and promote the discovery of new
potential tumor biomarkers and therapeutic
targets.

iTRAQ (isobaric tags for relative and absolute
quantification) is a powerful tool in quantitative
proteomic analysis that has been widely applied
in many studies [15-17]. The iTRAQ labeling
technology greatly increased identification sen-
sitivity and quantitation accuracy in proteomic
analysis through a multiplexed quantitation
strategy. Identifying low-abundant proteins
such as cell membrane proteins has become
feasible via iTRAQ [18, 19].

In this study, we performed iTRAQ labeling fol-
lowed by LC-MS/MS to identify differential pro-
tein expression profiles of cell membranes from
pooled lung adenocarcinoma and matched nor-
mal lung tissue samples. These profiles were
subjected to quantitative proteomics, whereby
S100A14 was found to be overexpressed in
lung adenocarcinoma compared with normal
lung tissue. S100A14 expression was further
confirmed in clinical samples by Western blot-
ting. We then investigated the relationship of
S100A14 expression with clinicopathological
features and underlying molecular mecha-
nisms in lung cancer patients.
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Materials and methods
Human tissue samples

This study was approved by the local ethnics
committee. Lung adenocarcinoma and matc-
hed adjacent normal lung tissue samples were
obtained from 10 patients who underwent sur-
gery at the Second Affiliated Hospital of the
Medical School of Xi'an Jiaotong University.
Adjacent normal tissue was obtained at least 5
cm away from the primary tumor. All patients
with lung adenocarcinoma were confirmed by
pathological diagnosis. None of the patients
had received chemotherapy or radiotherapy
before surgery. The patients signed informed
consents. All samples were immediately snap-
frozen in liquid nitrogen and stored at -80°C
until analyzed. The 10 pairs of lung cancer and
matched normal lung tissue were used for com-
parative proteomic analysis and Western blot-
ting. For immunohistochemical analysis, the
formalin-fixed and paraffin-embedded 62 lung
cancer specimens (41 lung adenocarcinoma,
21 lung squamous cell carcinoma) and 24 nor-
mal lung tissues from surgical resections were
obtained from the Second Affiliated Hospital,
Xi'an Jiaotong University and Shaanxi Cancer
Hospital for this retrospective study.

Manual microdissection

We performed manual microdissection to col-
lect cells of interest from lung adenocarcinoma
and matched adjacent normal lung tissue, as
previously described by Nowak [6] and Chen
[20]. Frozen sections (5 ym each) from lung
adenocarcinoma and matched normal lung tis-
sues were cut in a Microm HM500 Cryostat at
-25°C and identified by routine H&E staining.
Under the guidance of an H&E slide, the adja-
cent unstained 10 to 14 um thick continuous
frozen sections were dissected with a syringe
needle and/or scalpel from the area identified
by a pathologist, transferred to an Eppendorf
tube, and stored at -80° C until ready for use.

Purification of cell membrane proteins

Membrane proteins were extracted as previ-
ously described by Li [21], with minor modifica-
tions. Briefly, microdissected tissue was minced
on ice and manually homogenized with a glass
homogenizer containing precool homogeniza-
tion buffer (200 mM mannitol, 70 mM sucrose,
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10 mM Tris-HCI, pH 7.4, 1 mM EDTA, 0.5 mM
EGTA, 1 mM PMSF, 0.2 mM Na_VO,, and 1 mM
NaF). The homogenate was centrifuged at
10,000 g at 4°C for 15 min. The supernatant
was collected and ultracentrifuged at 100,000
g for 1 hour at 4°C to purify cell membrane. The
supernatant was collected as a control and
used to assess the purity of the extracted mem-
brane proteins by Western blotting. The pellets
were resuspended in lysis buffer (8 Murea, 30
mM HEPES, 0.5% SDS, 1 mM PMSF, 2 mM
EDTA, and 10 mM DTT). The solution was dis-
persed by sonication for 5 min (power 180 W,
pulse 2 s on and 3 s off), then centrifuged at
20,000 g for 30 min. The supernatant was col-
lected and proteins assayed by the Bradford
method. Purity was validated by Western blot-
ting using a plasma membrane marker enzyme
(Na+/K+ATPase) and a mitochondrial marker
(prohibitin) [241].

Protein digestion and iTRAQ labeling

Protein digestion and iTRAQ labeling were per-
formed according to the iTRAQ kit protocol
(Applied Biosystems). The extracted membrane
proteins were reduced with 10 mM DTT and
alkylated with 55 mM IAM. They were then pre-
cipitated by cold acetone, stored at -20°C for 3
h, and concentrated by centrifuging at 20,000
g for 30 min. The precipitates were resuspend-
ed in solution buffer (50% TEAB, 0.1% SDS).
Then 100 ug protein solutions were digested
with 1 ug/ul trypsin solution at 37 °C overnight
and labeled with iTRAQ tags. The lung cancer
and normal lung tissue samples were labeled
with iTRAQ117 and iTRAQ118, respectively.

Strong cation exchange chromatography

The iTRAQ labeled peptides were mixed and
then fractionated by Strong Cation Exchange
(SCX) chromatography on an HPLC system
(Agilent) using a Phenomenex Luna SCX Column
(250 x 4.60 mm, 5 um 100A (Phenomenex).
Buffer A (25% ACN, 10 mM KH_PO,, pH 3.0)
and buffer B (25% ACN, 10 mM KH_PO,, 2 M
KCl, pH 3.0) were used as mobile phases for
gradient separation at a flow rate of 1 ml/min.
The gradients were 0% B for 25 min, 0% to 5%
B for 1 min, 5% to 30% B for 20 min, 30% to
50% B for 5 min, 50% B for 5 min, and 50% to
100% B for 5 min. After 100% B for 10 min, the
process was stopped. Fractions collected at
one-minute intervals were lyophilized in a vacu-
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um concentrator and subsequently desalted
using a strata-X C18 column.

NanoLC-MS/MS analysis

NanoLC-MS/MS analysis was performed on a
QExactive Mass Spectrometer (Thermo Fisher
Scientific) equipped with an UltiMate 3000
nanoHPLC system (Dionex). The desalted frac-
tions were loaded onto a homemade analytical
column [Venusil XBP, C18 (L), 75 um * 150 mm
5 um, 150A, Agela Technologies] and separated
using a mobile phase containing buffer A (0.1%
formic acid in water) and buffer B (0.1% formic
acid in acetonitrile). The flow rate used for sep-
aration was 400 nl/min. The gradient separa-
tion was 5% B for 10 min, 5% to 30% B for 30
min, 30% to 60% B for 5 min, 60% to 80% B for
3 min, 80% B for 7 min, 80% to 5% B for 3 min,
and 5% B for 7 min. A full mass scan was per-
formed in data-dependent mode using a
QExactive Mass Spectrometer, with an acquired
range of 350-2000 m/z at 70,000 resolution
(m/z 200). The automated gain control (AGC)
target value was 3.00 E+06 and max ion injec-
tion time (IT) was 50 ms. In MS scan, the top 20
most abundant ions in a charged state (+2-+7)
were selected for tandem mass spectrometry
by HCD fragmentation with normalized collision
energy of 28% and an isolation width of 2.0
m/z. For subsequent MS2 scans, a resolving
power of 17,500 at m/z 200 was used with an
AGC target of 1 E+05 and a max ion IT of 100
ms. For each scan, dynamic exclusion was set
to 15 s.

Identification and quantitation of membrane
proteins

All raw spectra files were searched against
UniProtkKB/Swiss-Prot Homo sapiens using
Proteome Discoverer (Thermo Fisher Scientific,
Version 1.3) and Mascot Version 2. 3. Trypsin
was used as the required enzyme, and one
missed cleavage was allowed. Carbamidome-
thylation of cysteine was set as a fixed modifica-
tion while for oxidation of methionine,
GIn—Pyro-Glu (N-term Q), iTRAQ 8 plex labeling
at N-terminal, K, and Y were used as variable
modifications. The maximum mass deviation
allowed for precursor mass was set to 15 ppm,
and fragment ion tolerance was 0.02 Da.
Protein quantification required at least one
unique peptide. FDR less than 1% was deemed
acceptable for both the peptide and protein
level.
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Figure 1. Verification of membrane protein purifi-
cation using Western blotting analysis. Blots were
probed with anti-Na+/K+-ATPase for the plasma
membrane and anti-prohibitin for mitochondria. T-M
and T-C indicate the solution of membrane proteins
and the solution of cytoplasm proteins in tumor tis-
sue, respectively. N-M and N-C indicate the solution
of membrane proteins and the solution of cytoplasm
proteins in normal lung tissue, respectively.

Bioinformatic analysis

The theoretical pl and molecular weight (MW)
of the identified proteins were obtained for
Swiss-Prot protein sequence data bank. Fun-
ctional enrichment analysis was performed
using Gene Ontology (http://www.geneontolo-
gy.org/) and WEGO (http://wego.genomics.org.
cn/) as described by Ye et al. [22]. Pathway
analysis was performed by PID and KEGG; both
assays proved statistically significant with p-val-
ues less than .01 and .05, respectively.

Western blotting analysis

Western blotting analysis was performed for 10
pairs of fresh lung adenocarcinoma and normal
lung tissue. A measured amount (60 ug) of pro-
tein was separated by SDS-PAGE and trans-
ferred to membranes. The membranes were
blocked with 5% nonfat dry milk in TBST buffer
for 2 h at room temperature, incubated with
anti-S100A14 antibody (1:400) overnight at
4°C, washed in TBST, and incubated again with
horseradish peroxidase-conjugated secondary
antibody (1:4000) for 2 h at room temperature.
The immunoreactive protein bands were visual-
ized by enhanced chemiluminescence and
evaluated by densitometry using Image J soft-
ware. B-actin was used as a loading control.

Immunohistochemistry and staining evaluation

Expression levels of S100A14 were determined
using the standard SP immunohistochemical
technique. Paraffin embedded specimens
(each 4 ym) were dewaxed, rehydrated in a
series of ethanol solutions, and treated with an
antigen retrieval solution with a microwave.
Endogenous peroxidase activity was blocked
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using 3% H,0, for 10 min. Unspecific staining
was blocked for 15 min using normal goat
serum. The sections were then incubated with
anti-S100A14 antibody (1:200) overnight at
4°C. Immunohistochemistry (IHC) was per-
formed via the SPO9001 Rabbit kit (Zhongshan
Jingiao Biotech Company, Beijing, China)
according to manufacturer’s instructions. The
immunoreaction was visualized using 3,
3’-diaminobenzidine (DAB) staining. Sections
were counterstained with hematoxylin, dehy-
drated, and then mounted with coverslips. The
primary antibody was replaced with PBS as the
negative control. All sections were examined
microscopically and blindly evaluated by two
independent pathologists according to a scor-
ing method described previously by Zhang [23].
At least 5 high-power fields were selected ran-
domly, with >200 cells counted per field. Each
specimen was assessed with reference to
staining intensity and positively stained area.
Staining intensity was graded on the following
scale: 0, no staining; 1, light yellow; 2, yellowish
brown; 3, brown. The positively stained area
was evaluated as follows: O, no staining; 1,
<10% stained positive; 2, 11%-50% stained
positive; 3, 51%-80% stained positive, and 4,
>80% stained positive. The combined staining
score (staining intensity times staining area)
was then graded as O, negative immunoreactiv-
ity; 1-4, low immunoreactivity; and >4, high
immunoreactivity.

Statistical analysis

Statistical analysis was carried out using SPSS
(Version 16.0; Chicago, IL, USA). The relation-
ship between S100A14 expression levels and
clinicopathological parameters was analyzed
using the Mann-Whitney U or Kruskal-Wallis
test. S100A14 protein expression levels bet-
ween lung cancer and normal tissue were also
analyzed using Mann-Whitney U. In all tests,
two-sided p-values <0.05 were considered sta-
tistically significant.

Results
Validation of membrane protein purification

Western blotting analysis determined purity of
the extracted membrane protein. Signal stre-
ngth analysis by Imagel) software ascertained
the plasma membrane marker (Na+/K+ATPase)
level was 6.5-fold and 5.3-fold higher in the
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Table 1. Top 50 PM or PM-related proteins highly differentially expressed in lung adenocarcinoma
compared to normal lung tissue

Accession Description Score  Coverage Unique Peptides PSMs 117/118
P51674 Neuronal membrane glycoprotein M6-a 23.12 3.96% 1 1 0.13
P01914 HLA class Il histocompatibility antigen, DR-1 beta chain 140.22 15.41% 1 22 0.14
P04439 HLA class | histocompatibility antigen, A-3 alpha chain 571.74 34.52% 1 172 0.152
P28906 Hematopoietic progenitor cell antigen CD34 24.64 2.08% 1 3 0.187
P01911 HLA class Il histocompatibility antigen, DRB1-15 beta chain 347.41 44.36% 2 55 0.205
P57087 Junctional adhesion molecule B 51.04 3.69% 1 2 0.209
Q15109 Advanced glycosylation end product-specific receptor 283.25 23.76% 6 47 0.21
Q16602 Calcitonin gene-related peptide type 1 receptor 102.78 4.56% 2 11 0.235
P55087 Aquaporin-4 106.77 6.19% 2 16 0.238
P29972 Aquaporin-1 165.48 19.70% 2 16 0.247
QONY47 Voltage-dependent calcium channel subunit alpha-2/delta-2 88.52 2.09% 2 4 0.26
Q03135 Caveolin-1 404.38 61.80% 10 129 0.281
P37023 Serine/threonine-protein kinase receptor R3 22.19 2.78% 1 1 0.286
Q96APT7 Endothelial cell-selective adhesion molecule 139.99 12.05% 3 13 0.304
P31645 Sodium-dependent serotonin transporter 52.21 2.54% 1 4 0.313
P56856 Claudin-18 23.79 4.21% 1 6 0.315
P12429 Annexin A3 881.28 58.51% 19 259 0.322
Q8NFJ5 Retinoic acid-induced protein 3 97.17 5.32% 2 9 0.329
Q30154 HLA class Il histocompatibility antigen, DR beta 5 chain 248.8 31.20% 2 42 0.335
pPo8172 Ephrin-B1 50.37 5.20% 1 1 0.343
P02730 Band 3 anion transport protein 948.51 27.44% 20 162 0.344
Q96AM1 Mas-related G-protein coupled receptor member F 116.38 10.20% 2 9 0.344
P30486 HLA class | histocompatibility antigen, B-48 alpha chain 484.17 35.36% 1 110 0.351
P16671 Platelet glycoprotein 4 325.47 19.92% 8 60 0.355
P50895 Basal cell adhesion molecule 468.48 27.07% 12 40 0.358
P0O7237 Protein disulfide-isomerase 1055.3 56.89% 24 171 1.651
P01597 Ig kappa chain V-I region DEE 104.49 22.22% 1 28 1.662
Q9Y666 Solute carrier family 12 member 7 77.8 2.12% 1 2 1.681
015427 Monocarboxylate transporter 4 117.91 9.03% 4 9 1.682
P63241 Eukaryotic translation initiation factor 5A-1 263.8 36.36% 5 19 1.718
Q96HE7 ERO1-like protein alpha 196.14 14.96% 7 8 1.731
Q96AG4 Leucine-rich repeat-containing protein 59 206.06 28.66% 7 10 1.784
Q13509 Tubulin beta-3 chain 732.61 40.44% 1 248 1.809
P30453 HLA class | histocompatibility antigen, A-34 alpha chain 623.3 37.81% 3 192 1.812
P63244 Guanine nucleotide-binding protein subunit beta-2-like 1 727.82 59.31% 16 118 1.815
P04433 Ig kappa chain V-l region VG (Fragment) 34.87 13.91% 2 4 1.85
P01877 Ig alpha-2 chain C region 498.16 55.59% 3 82 1.874
P17213 Bactericidal permeability-increasing protein 108.86 6.57% 2 3 1.875
Q14435 Polypeptide N-acetylglucosaminyltransferase 3 25.84 1.58% 1 1 1.881
P11413 Glucose-6-phosphate 1-dehydrogenase 391.44 27.18% 12 30 1.882
P80723 Brain acid soluble protein 1 372.69 70.93% 10 32 1.91
Q9BY50 Signal peptidase complex catalytic subunit SEC11C 140.79 27.60% 5 7 1.933
Q01650 Large neutral amino acids transporter small subunit 1 37.08 3.55% 1 2 1.948
P01605 Ig kappa chain V-l region Lay 53.42 25.00% 1 5 1.969
Q9BYC5 Alpha-(1,6)-fucosyltransferase 83.78 4.52% 2 5 2.063
Q9HCY8 Protein S100-A14 142.71 42.31% 4 12 2.099
075976 Carboxypeptidase D 325.77 9.42% 11 15 2.234
Q99541 Perilipin-2 28.53 2.52% 1 1 2.46
P09496 Clathrin light chain A 91.04 12.50% 4 12 2.577
P25815 Protein S100-P 83.62 24.21% 2 15 2.932

PSMs: peptide spectrum matches.

solution of membrane proteins than the cyto- tissue, respectively. In contrast, the mitochon-
plasm proteins for lung cancer and normal lung drial marker (prohibitin) level in the solution of
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Figure 2. MS/MS spectra of four identified peptides: (A) The MS spectra of sequence MSPDEGQEELEEVQAELK
with m/z of 895.78375 Da (z = +3), MH+: 2685.33670 Da; (B) The MS spectra of sequence NKEPPAPAQQLQPQP-
VAVQGPEPAR with m/z of 984.53918 Da (z = +3), MH+: 2951.60300 Da; (C) The MS spectra of sequence MSP-
DEGQEELEEVQAELK with m/z of 890.45135 Da (z = +3), MH+: 2669.33951 Da; and (D) the MS/MS spectra of
MSPDEGQEELEEVQAELK, with m/z of 794.38354 Da (z = +3), MH+: 2381.13608 Da.
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Figure 3. Distribution of the GO terms for differential proteins. The identified differential proteins were classified into
cellular component, molecular function, and biological process by WEGO.

membrane proteins was 3.2-fold and 4.6-fold
lower than the cytoplasm proteins for lung can-
cer and normal lung tissue, respectively (Figure
1). These results indicated membrane proteins
were successfully purified with few cell organ-
elle proteins.

Identification of differentially expressed pro-
teins

In this study, we used iTRAQ labeling and 2D-LC-
MS/MS to compare protein expression between
pooled lung adenocarcinoma and matched nor-
mal lung tissue samples. A total of 2486 pro-
teins from both tumor and normal tissue were
respectively identified using at least one pep-
tide with >295% confidence. Among the 2486
proteins, 568 proteins were considered differ-
entially expressed between lung adenocarcino-
ma and normal lung tissue according to ratios
of fold-change (=1.5 or <0.66). Two hundred
fifty-seven proteins were upregulated and 311
were downregulated (Table 1, Supplementary
Data). Of the differentially expressed proteins,
234 (41%) were identified by more than five
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unique peptides, 42 (7.4%) by four unique pep-
tides, 48 (8.4%) by three unique peptides, 101
(14.7%) by two unique peptides, and 143
(25.2%) by one peptide. As a result, S100A14
was significantly upregulated in lung adenocar-
cinoma (2.10-fold) compared with normal lung
tissues. MS/MS spectra of the four peptides
used for identification of S100A14 are shown in
Figure 2.

Bioinformatic analysis of differentially ex-
pressed proteins

The molecular weights of the identified differen-
tially expressed proteins ranged from 6.6 kDa
to 628.7 kDa; 481 proteins (84.7%) were
between 10 kDa and 100 kDa. Moreover, the
isoelectric points ranged from 3.78 to 12.15;
501 proteins (88.2%) were between 4 and 10.
Gene Ontology (GO) annotation was applied to
describe functions of the identified differential-
ly expressed proteins, which were classified
into three major categories: cellular compo-
nent, molecular function, and biological pro-
cess [24]. To visualize the annotation of gene

Am J Transl Res 2014;6(3):267-280
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Figure 4. Significant pathways (p<0.01) were involved in differential proteins according to PID enrichment analysis.
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Table 2. 19 pathways significantly enriched by KEGG enrichment analysis for differential proteins

No Pathway Proteins with pathway annotation (333) P value Pathway ID
1  Ribosome 73 (21.92%) <0.001 ko03010
2 Non-homologous end-joining 5 (1.5%) 0.001 ko03450
3 Hematopoietic cell lineage 14 (4.2%) 0.002 ko04640
4 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 15 (4.5%) 0.003 ko05412
5 Nicotinate and nicotinamide metabolism 6 (1.8%) 0.004 ko00760
6 Nitrogen metabolism 4 (1.2%) 0.015 ko00910
7 Isoquinoline alkaloid biosynthesis 3 (0.9%) 0.015 ko00950
8 Dilated cardiomyopathy 16 (4.8%) 0.017 ko05414
9 Toxoplasmosis 17 (5.11%) 0.021 ko05145
10 Cell adhesion molecules (CAMs) 27 (8.11%) 0.024 ko04514
11 Malaria 8 (2.4%) 0.025 ko05144
12 Phenylalanine metabolism 5 (1.5%) 0.026 ko00360
13 Alanine, aspartate and glutamate metabolism 5 (1.5%) 0.026 ko00250
14 ECM-receptor interaction 17 (5.11%) 0.027 ko04512
15 Hypertrophic cardiomyopathy (HCM) 14 (4.2%) 0.032 ko05410
16 Tyrosine metabolism 6 (1.8%) 0.032 ko00350
17 Intestinal immune network for IgA production 10 (3%) 0.037 ko04672
18 Bile secretion 8 (2.4%) 0.037 ko04976
19 Viral myocarditis 24 (7.21%) 0.043 ko05416

T1 T2 T3 N1 N2 N3

Relative Level

Figure 5. Expressional levels of S100A14 in lung adenocarcinoma and
paired normal lung tissues. B-actin was used as a loading control. T =

tumor tissues; N = normal tissues.

sets, WEGO was performed to plot the distribu-
tion of GO annotation [22] (Figure 3).

The cellular component category showed that
differential proteins are mainly involved in the
cell, cell parts, membrane, and organelles. GO
annotation shows that approximately 48% of
the differential proteins were found to be mem-
brane bound or membrane associated, with PM
or PM-related proteins accounting for approxi-
mately 38%. In the molecular function category,
differentially expressed proteins are mainly
associated with binding, catalysis, molecular
transduction, transport, and molecular struc-
ture. The biological process category indicated
that the differential proteins are mainly related
to cellular processes, metabolic processes, bio-
logical regulation, cellular component organiza-
tion, response to stimulus and pigmentation.
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T

For more insight into the pathways
and biological processes of the
568 differential proteins, pathway
enrichment analysis was per-
formed through the Pathway
Interaction Database (PID), which
provided batch query options. For
the differential proteins, 169 path-
N ways were detected via PID and
35 pathways were significantly
enriched with association signals
at the p<0.01 level (Figure 4).
Among these, there were many
remarkable signaling pathways
involved in cell surface interactions and cell sig-
naling events, including integrin betal cell sur-
face interactions, integrin family cell surface
interactions, CXCR4-mediated signaling events,
Syndecan-2-mediated signaling events, Par-4-
mediated thrombin signaling events, plasma
membrane estrogen receptor signaling, etc.
These results indicated that the differential pro-
teins might affect carcinogenesis of lung ade-
nocarcinoma through these pathways.

An additional pathway enrichment analysis was
conducted by KEGG for 568 differential pro-
teins. By this means, we identified 19 pathways
significantly enriched with association signals
at the p<0.05 level. These pathways encom-
passed metabolism, environmental informa-
tion processing, organismal systems, human
diseases, and genetic information processing.
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LC-MS/MS, we examined the
expression levels of S100A14 in
10 lung adenocarcinoma tissue
samples and paired normal lung
tissues using Western blotting. As
shown in Figure 5, S100A14 was
significantly upregulated in lung
adenocarcinoma compared with
matched normal lung tissue, which
confirmed the LC-MS/MS result.

S100A14 expression in lung can-
cer and normal lung tissues

To further verify the results obt-
ained from quantitative proteo-
mics, we performed IHC to detect
the expression and cellular distri-
bution of S100A14 in a series of

Figure 6. (A, B) High staining of S100A14 in LAC. (C) High staining of 62 . -
S100A14 in LSCC. (D) Negative staining of S100A14 in normal lung tis- specimens of lung cancer,

sue. (A x100; B-D x200).

Table 3. S100A14 expression in lung cancer
and normal lung tissues

Expressional levels

Groups N - P~
Neg Low High

LAC 41 3 13 25 <0.012

LSCcC 21 1 7 13 <0.01°

N 24 8 15 1 <0.01°

aLAC versus normal lung tissue; °LSCC versus normal
lung tissue; °Lung cancer versus normal lung tissue;
“P<0.05 by Mann-Whitney U test; LAC, lung adenocar-
cinoma; LSCC, lung squamous cell carcinoma; Lung
cancer, LAC+LSCC; N, normal lung tissue.

Among the 19 pathways (Table 2), 6 are related
to metabolism (nicotinate and nicotinamide me-
tabolism, nitrogen metabolism, isoquinoline
alkaloid biosynthesis, phenylalanine metabo-
lism, alanine, aspartate and glutamate metabo-
lism, tyrosine metabolism). Two pathways are
related to signaling molecules and interaction
(ECM-receptor interaction, cell adhesion mole-
cules (CAMs). These findings suggested that
amino acid metabolism is clearly different
between tumor and normal cells, and mem-
brane proteins may be involved at the metabol-
ic level in lung cancer.

Validation of SI00A14 expression by Western
blotting

To further validate the differential expression of
S100A14 identified by iTRAQ labeling and
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including 41 adenocarcinomas

and 21 lung squamous cell carci-

nomas, along with a series of 24
specimens of normal lung tissues. Increased
expression of S100A14 was observed at the
membranes of some of the tumor cells in most
of the lung adenocarcinoma specimens and
squamous cell carcinomas (Figure 6A-C).
However, negative or low S100A14 expression
levels were observed in a large majority of nor-
mal lung specimens (Figure 6D). Compared
with normal lung specimens, the expression
level of S100A14 in adenocarcinoma signifi-
cantly increased (p<0.01). Similarly, S100A14
expression was significantly higher in lung
squamous cell carcinoma than normal lung
specimens (p<0.01) (Table 3). Furthermore, we
evaluated the relationship between clinicopath-
ological characteristics and S100A14 expres-
sion in lung cancer. We found that S100A14
expression is higher in well or moderately dif-
ferentiated lung cancer than in poorly differen-
tiated lung cancer. There were no significant
correlations between S100A14 expression and
other clinicopathologic characteristics, includ-
ing pathological type, lymph node metastasis,
patient age, gender, tumor size, or TNM stage
(Table 4).

Discussion

By delineating the differences in protein expres-
sion profiles between tumor and normal tissue,
comparative quantitative proteomics offers a
powerful method to investigate molecular
mechanisms and identify potential tumor mark-
ers and therapeutic targets in cancer. To date,
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Table 4. Correlation between clinicopathological
characteristics and S100A14 expression in lung
cancer

Expressional levels

Parameter
Neg 1+ 2+

Age
<60 32 2 13 17 0.218
>60 30 2 7 21

Gender
Male 41 3 14 24 0.521
Female 21 1 6 14

Grade
G1+G2 34 1 8 25 0.026
G3 28 3 12 13

Histology
LAC 41 3 13 25 0.890
LSCC 21 1 7 13

Lymphatic invasion
NO 33 2 12 19 0.576
N+ 29 2 8 19

Tumor size
<3 22 0 6 16 0.183
3<TLT 31 4 11 16
>7 9 0 3 6

TNM stage
I+11 35 2 13 20 0.519
H+1V 27 2 7 18

“P<0.05 by Mann-Whitney U test or Kruskal-Wallis test.

a number of studies have identified differential
proteins in normal and cancer cells using tradi-
tional 2DGE, followed by mass spectrometry
[25-27]. Although 2DGE remains an important
tool in comparative proteomics, it is less than
satisfactory when a large amount of sample
handling is required. The procedure is also defi-
cient in identifying low abundance proteins,
proteins with extreme molecular weights and pl
value, and hydrophobic proteins such as mem-
brane proteins [28]. iTRAQ technology can over-
come these limitations and provide a better
solution to identify cell membrane proteins.
Subcellular proteomic analysis has many advan-
tages over whole-cell proteome analysis. Most
significantly, the enhanced technology increas-
es the probability of detecting low-abundance
proteins that may play a role in the develop-
ment of cancer. Manual microdissection from
frozen sections provides a rapid and inexpen-
sive means to substantially enrich tumor cells
for downstream analysis. This technique yield-
ed findings consistent with LCM data [6].
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In this study, we isolated tumor cells from adja-
cent non-tumor cells and used iTRAQ labeling
2D-LC-MS/MS to identify the differential mem-
brane proteins between lung adenocarcinoma
tissue and matched normal lung tissue. As a
result, a total of 568 differential expression
proteins were identified between the two types
of tissues, including well-known membrane
markers Protein S100-P, Ig kappa chain V-l
region Lay, Caveolin-1, Voltage-dependent cal-
cium channel subunit alpha-2/delta-2, Annexin
A3, Claudin-18, etc. To better understand the
basic biological information of differential
expression proteins identified in our study, we
further analyzed the proteins using WEGO.
WEGO has been applied in several genomics
studies, including those of the rice genome
[29], Arabidopsis genome [30], and the silk-
worm genome [31]. WEGO provides a visualiza-
tion of the annotation sets of genes, comparing
the provided gene datasets by plotting a histo-
gram of the distribution of GO annotation [22].
In addition, the differential proteins involved
with binding, catalysis, molecular transduction,
and transport were detected. These results
indicated that proteins engaged in these func-
tions may play important roles in carcinogene-
sis.

The cell membrane plays a critical role in cell
signaling transduction and signal pathways
closely associated with carcinogenesis and
tumor development. Therefore, we performed
pathway enrichment analysis using PID and
KEGG. PID is a growing collection of human cel-
lular signaling pathways. The database focuses
on signaling and regulatory pathways, particu-
larly those impacting cancer research and
treatment. KEGG, however, focuses on meta-
bolic processes and generic mechanisms such
as transcription and translation [32]. In this
study, the enrichment analysis results derived
from PID indicated that the enriched pathways
were involved in many membrane proteins,
which shows the importance of these proteins
in carcinogenesis. The results obtained from
KEGG enrichment analysis revealed pathways
associated with nicotinate and nicotinamide
metabolism, which have been implicated in
lung adenocarcinoma carcinogenesis. Several
studies have already shown that nicotinamide
is involved in tumor formation and tumor cell
apoptosis [33, 34]. Our study offered valuable
information for further exploring the underlying
mechanism in carcinogenesis of lung adenocar-
cinoma.
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S100A14 is a novel member of the S100 pro-
tein family [35]. S100 is a subfamily of proteins
related by Ca?*-binding to the EF-hand super-
family that appear to be involved in the regula-
tion of many cellular processes (e.g., cell cycle
progression, differentiation, cell-cell communi-
cation, intracellular signaling, energy metabo-
lism) [35, 36]. The study by Lukanidin [37]
showed that the S100 family is pivotal in cell
migration, invasion, and cancer metastasis.

In our study, the higher expression levels of
S100A14 were identified in lung adenocarcino-
ma versus normal lung tissues by MS/MS anal-
ysis. We then confirmed this result via Western
blotting analysis. Findings were consistent with
the results from quantitative proteomics: they
showed that S100A14 was significantly
increased in lung adenocarcinoma compared
with normal lung tissue.

Recently, some studies reported S100A14
expression in various cancers, but the results
were inconsistent. Some data have indicated
S100A14 is upregulated in several cancers,
including ovarian, breast, and hepatocellular
cancer [35, 38]. On the other hand, some data
suggest that S100A14 is downregulated in kid-
ney, colon, rectal, esophageal, and oral carci-
noma [35, 39]. These apparent discrepancies
suggest that S100A14 plays different roles at
different tumor and development stages,
although the underlying mechanism remains
unclear. Although northern blot hybridization
has shown that S100A14 mRNA expression is
upregulated in lung tumors [35], S100A14 pro-
tein expression in lung cancer still remains
unclear. Therefore, using IHC we further detect-
ed S100A14 expression in paraffin-embedded
archival tissue specimens and evaluated the
relationship between S100A14 and clinico-
pathological characteristics in patients with
lung cancer. We found that S100A14 expres-
sion was increased in lung adenocarcinoma
and squamous cell carcinoma compared with
that in normal lung tissue. Furthermore, our
results showed that S100A14 was expressed
at higher levels in well or moderately differenti-
ated lung cancer than in poorly differentiated
lung cancer, which was consistent with a previ-
ous report [40]. The IHC data indicated that
S100A14 may play a potential role in cell
differentiation.

In conclusion, a large number of differential
proteins were identified in the membrane frac-
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tion from lung adenocarcinoma and normal
lung tissue samples using the iTRAQ-coupled
2D-LC-MS/MS technique. Furthermore, we veri-
fied the differential expression of S100A14 and
found the protein may be a suitable biomarker
potentially involved in tumor cell differentiation.
However, a larger group of lung cancer samples
is needed to confirm the results. Our findings in
this study helped elucidate the underlying carci-
nogenesis of lung cancer by providing a poten-
tial novel biomarker and new therapeutic
targets.
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