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Abstract: Lung adenocarcinoma is the most common type of lung cancer. Unfortunately, lung adenocarcinoma has
a poor prognosis and the pathogenesis remains unclear. Mitochondria are important mediators of tumorigenesis.
However, the proteomics profile of lung adenocarcinoma mitochondrial proteins has not been elucidated. In this
study, we investigated differences in the mitochondrial protein profiles between lung adenocarcinomas and normal
tissue. Laser capture microdissection (LCM) was used to isolate the target cells from lung adenocarcinomas and
normal tissue. The differential expression of mitochondrial proteins was determined using isobaric tags for relative
and absolute quantitation (iTRAQ) combined with two-dimensional liquid chromatography-tandem mass spectrom-
etry (2D-LC-MS/MS). Bioinformatics analysis was performed using Gene Ontology and KEGG databases. As a result,
510 differentially expressed proteins were identified, 315 of which were upregulated and 195 that were downregu-
lated. Of these proteins, 35.5% were mitochondrial or mitochondrial-related and were involved in binding, catalysis,
molecular transduction, transport, and molecular structure. Based on the differentially expressed proteins, 63 path-
ways were significantly enriched through KEGG. The overexpression and cellular distribution of the mitochondrial
protein C1QBP in the lung cancer samples was confirmed and verified by Western blotting. The relationship between
C1QBP expression and clinicopathological features in lung cancer patients was likewise evaluated using immuno-
histochemistry, which revealed that the upregulation of CLQBP was associated with lymph node metastasis, patho-
logical grade and clinical stage of TNM. The results indicate that the iTRAQ 2D-LC-MS/MS technique is a potential
method for comparing mitochondrial protein profiles between tumor and normal tissue and could aid in identifying
novel biomarkers and the mechanisms underlying carcinogenesis.
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Introduction marker of aggressive lung adenocarcinoma is
critical.
Lung cancer is the leading cause of cancer

deaths worldwide [1], especially in China [2]. Mitochondria are essential membrane-bound,

Further, the most common type of lung cancer
is lung adenocarcinoma, which is associated
with morbidity and mortality rates that contin-
ue to rise [3]. The average 5-year survival of
lung adenocarcinoma cancer patients is only
approximately 15% [4]. As well, although many
treatments are available, its prognosis remains
poor. Thus, discovering anovel early prognostic

subcellular organelles involved in cell survival in
eukaryotes. Mitochondria are not only key
organelles for ATP production, but also are also
the major source of reactive oxygen species
(ROS), and participate in multiple signaling cas-
cades, including apoptosis. In stress sensing,
mitochondrial protein expression is altered to
allow for cellular adaptation to the environment.
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The oncogene c-Myc also affects mitochondrial
dynamics by altering the expression of multiple
fission and fusion proteins [5]. As well, the bal-
ance of pro- and anti-apoptotic proteins could
affect the susceptibility of cancer cells to apop-
totic stimuli and might predict the response of
a tumor to chemotherapy [6]. The p53 tumor
proteins also function in the regulation of cel-
lular metabolism via the transcriptional activa-
tion of metabolic genes [7]. Thus, alterations in
the expression of mitochondrial proteinscould
reflect the initiation, growth, survival, and
metastasis of disease, including lung cancer
[8, 9].

Quantitative proteomics provides a new oppor-
tunity to identify differentially expressed pro-
teins in normal and tumor tissues. As well, com-
parative proteomics has the potential to reveal
underlying molecular mechanisms of disease.
However, the heterogeneity of the soft tumor
tissues is a primary obstaclein proteomics
analyses. Laser capture microdissection (LCM)
is one of the best technologies for purifying
target cells from heterogeneous tissues.
Likewise, isobaric tags for relative and absolute
quantification (iTRAQ) is a relatively new tech-
nique in quantitative proteomics that can be
used to identify and quantify the protein expres-
sion levels and to detect small changes in pro-
tein expression in different tissues.

In this study, LCM was used to purify the target
cells from lung cancer tissues and matched
normal tissues, and iTRAQ followed by two-di-
mensional liquid chromatography-tandem ma-
ss spectrometry (2D-LC-MS/MS) using mass
spectrometer was performed to separate and
identify the differentially expressed mitochon-
drial proteins in lung adenocarcinomas and
normal tissue. The C1QBP protein was overex-
pressed in lung adenocarcinomas compared
with normal lung tissue, which was confirmed in
clinical samples by Western blotting and
immunohistochemistry.

Materials and methods
Human tissue samples
For LCM, lung adenocarcinoma and matched

adjacent normal lung tissue samples were
obtained from 10 patients who underwent sur-
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gery at the Second Affiliated Hospital of the
Xi'an Jiaotong University Medical School (age,
40-69 years; mean, 55.1 years; SD, 8.6). The
adjacent normal tissues obtained were at least
5 cm away from the primary tumor. All samples
were immediately embedded in Tissue-
Tek®Optimal Cutting Temperature (0.C.T) medi-
um (Sakura®Finetek, Fisher Scientific, Pitts-
burgh, PA, USA) and immediately stored at
-80°C in liquid nitrogen until analyzed. The
mitochondrial proteinsfrom the lung cancer
and matched normal lung tissues were used for
comparative proteomics analysis and Western
blotting.

For the immunohistochemistry analysis, 46
formalin-fixed, paraffin-embedded lung cancer
specimens (26 lung adenocarcinoma and 20
lung squamous cell carcinoma) and 24 normal
lung tissues acquired during surgical resec-
tions were obtained from the Second Affiliated
Hospital, Xi'an Jiaotong University and Shaanxi
Cancer Hospital for this retrospective study.

All of the procedures described here in were
approved by the local ethics committee, and all
patients who participated in the study provided
informed consent.

Laser capture microdissection

The PixCell was used to capturethe cells of
interest from the frozen lung adenocarcinoma
and matched adjacent normal lung tissue sec-
tions using a Laser Capture Microdissection
Microscope (ARCTURUS Inc., USA) as described
by Bonner et al [10]. The LCM conditions includ-
ed alaser beam diameter of 7.5 Im, a duration
of 15.5 ms, and an energy of 80 mW. To dimin-
ish the effects of the biological variation across
the samples on the results of the proteomics
analysis, equal amounts of protein obtained
from the cells following LCM of samples from
10 different individuals were pooled to gener-
ate one common sample for iTRAQ labeling.

Purification of cell mitochondrial proteins

The tissues were minced on ice and homoge-
nized using a Dounce homogenizer and pre-
chilled homogenization buffer (250 mM su-
crose, 10 mM Tris-HCI, pH 7.4). The filtered
homogenate was then centrifuged at 1,500 x g
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for 10 min and the supernatant was removed
and centrifuged at 4°C at 10,000 x g for 30
minutes, which yielded the mitochondrial pro-
teins in the sediment. The supernatant was col-
lected as a control and used to assess the
purity of the extracted membrane proteins by
Western blotting. The concentration of the
mitochondrial proteins was assayed by the
Bradford method. The purity of the isolated
proteins was validated by Western blotting
using a mitochondrial marker, the plasma
membrane marker cytochrome ¢ oxidase, and
Na*/K*-ATPase.

Strong cation exchange chromatography

The iTRAQ labeled peptides were mixed and
fractionated by strong cation exchange (SCX)
chromatography using an HPLC system (Agilent)
and a Phenomenex Luna® 5 um SCX 100A
Column (250 x 4.60 mm; 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 the mobile phases for gradient
separation at a flow rate of 1 ml/min. The elu-
tion gradient was as follows: 25 min, 0% B; 1
min, 0-5% B; 20 min, 5-30% B; 5 min, 30-50%
B; 5 min, 50% B; 5 min, 50-100% B; and 10
min, 100% B. The fractions were collected at
one-minute intervals, lyophilized in a vacuum
concentrator, and subsequently desalted using
a Strata®X C18 column.

NanoLC-MS/MS analysis

According to the workflow, the peptides were
analyzed on a QExactive Mass Spectrometer
(Thermo Fisher Scientific, MA, USA) equipped
with an UltiMate™ 3000 nanoHPLC system
(Dionex). The desalted fractions were loaded
onto a homemade analytical column [Venusil
XBP, C18 (L), 75 mm x 150 mm, 5 pym, 1504,
Agela Technologies] and separated using a
mobile phase containing buffer A (H,0 + 0.1%
formic acid) and buffer B (acetonitrile + 0.1%
formic acid) at 400 nl/min. The gradient sepa-
ration was performed as follows: 10 min, 5% B;
30 min, 5-30% B; 5 min, 30-60% B; 3 min,
60-80% B; 7 min, 80% B; 3 min, 80-% B; and 7
min, 5% B. A full mass scan was performed in
data-dependent mode using the QExactive™
mass spectrometer. The scan range was set
from 350-2000 m/z at 70,000 resolution (m/z
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200). The automatic gain control (AGC) target
was set to 3.00 x 10° with a maximum ion
injection time (IT) of 50 ms. In the MS scan, the
20 most abundant ions with charge states of
+2 to +7 were selected for MS2 fragmentation
via higher-energy collisional dissociation (HCD)
at an isolation width of 2.0 m/z and a normal-
ized collision energy of 28%. Tandem mass
spectra were acquired in profile mode at a
resolving power of 17,500 at m/z 200 with an
AGC target of 1 x 10° and a maximum IT of 100
ms. For each scan, the dynamic exclusion was
setto 15s.

Identification and quantitation of mitochondria
proteins

Identification of labeled tryptic peptides was
performed using Proteome Discoverer (version
1.3, Thermo Scientific). Raw files were searched
against databases consisting of the appropri-
ate protein sequences (Uniprot) and Mascot
Version 2. 3.0 Peptides were produced by
digestion with trypsin with a maximum of one
missed cleavages and were matched using pre-
cursor and fragment mass tolerances of 15
ppm and 0.02 Da, respectively. Carbamido-
me-thylation of cysteine was set as a fixed
modification while oxidation of methionine,
GIn—Pyro-Glu (N-term Q), iTRAQ 8 plex labeling
at N-terminal, K, and Y were used as variable
modifications. At least one unique peptide were
required in protein quantification. less than 1%
FDR was acceptable for both the peptide and
protein level.

Bioinformatics analysis

The theoretical isoelectric point (pl) and molec-
ular weight (MW) of the identified proteins were
obtained from the Swiss-Prot protein sequence
data bank. Gene Ontology (GO) analysis was
performed to determine the main function of
the differentiallyexpressed genes according to
GO, which is the key NCBI functional classifica-
tion [11]. As well, pathway analysis was used to
determine the significant pathways of the dif-
ferentially expressed genes using the pathway
annotations of microarray genes downloaded
from KEGG (http://www.genome.jp/keGG/). A
Fisher’s exact test was used to determine the
significant enrichment pathways and the result-
ing p-values were adjusted using the Benjamini
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Figure 1. Laser capture microdissection of hematoxylin and eosin stained lung adenocarcinoma and paired normal

lung tissue slides.
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Figure 2. Western blot of purified mitochondrial frac-
tions with cytochrome ¢ oxidase (COX). Note: Na*/
K*ATPase is a mitochondrial protein marker and COX
is a membrane protein marker; T-M represents the
mitochondrial proteins in lung cancer tissues; T-C
represents the lung cancer tissue cytosolic solutions;
N-M represents the normal lung tissue mitochondrial
proteins; N-C represents the normal lung tissue cyto-
solic solutions.

and Hochberg’s false discovery rate (BH FDR)
algorithm. Pathway categories with an FDR <
0.05 were reported.

Western blotting analysis

Western blotting analysis was performed for 10
pairs of fresh lung adenocarcinomas and nor-
mal lung tissue. The proteins (60 yg) were sep-
arated by SDS-PAGE and transferred to mem-
branes. The membranes were blocked with 5%
nonfat dry milk in TBST buffer for 2 h at room
temperature, incubated with anti-C1QBP anti-
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body (1:2000) overnight at 4°C, washed in
TBST, and incubated again with horseradish
peroxidase-conjugated secondary antibody
(1:20000) for 2 h at room temperature. The
immunoreactive protein bands were visualized
by enhanced chemiluminescence and evaluat-
ed by densitometry using Image J software.
B-actin was used as a loading control.

Immunohistochemistry and staining evaluation

C1QBP expression levels were determined
using the standard streptavidin-horseradish
peroxidase (SP) immunohistochemistry (IHC)
technique. Paraffin embedded specimen sec-
tions (4 um) were dewaxed, rehydrated in a
series of ethanol solutions, and treated with an
antigen retrieval solution in a microwave.
Endogenous peroxidase activity was blocked
using 3% H,0, for 10 min. Non-specific staining
was blocked for 15 min using normal goat
serum. The sections were then incubated with
anti-C1QBP antibody (1:200) overnight at 4°C.
IHC was performed using the SP9001 Rab-
bit kit (Zhongshanlingiao Biotech Company,
Beijing, China) according to manufacturer’s
instructions. The immunoreaction was visual-
ized using 3,3-diaminobenzidine (DAB) stain-
ing. The sections were counterstained with
hematoxylin and eosin, dehydrated, and then
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Table 1. Top 60 differentially expressed mitochondrial or mitochondria-related proteins in lung adeno-
carcinoma compared to normal lung tissue

ﬁﬁ(;:zzlron Description Score Coverage PLcJar;)It(?gees PSMs C/N

P01914 HLA class Il histocompatibility antigen, 201.88 21.80% 2 23 0.158
Q14247 Src substrate cortactin 63.62 4.73% 2 0.212
Q8NFJ5 Retinoic acid-induced protein 3 68.93 3.64% 1 7 0.221
P0O1911 HLA class Il histocompatibility antigen, DRB1-15 beta chain 335.97 42.48% 2 43  0.235
P16671 Platelet glycoprotein 4 279.22 15.89% 6 36 0.245
P55087 Aquaporin-4 95.97 6.19% 2 13 0.248
Q15109 Advanced glycosylation end product-specific receptor 216.94 17.82% 5 23  0.249
Q03135 Caveolin-1 361.65 65.17% 11 100 0.255
P51636 Caveolin-2 149.97 37.04% 4 16  0.275
P29972 Aquaporin-1 110.82 19.70% 2 15 0.286
QONX76 CKLF-like MARVEL transmembrane domain-containing protein 6  42.6 5.46% 1 3 0.295
P30486 HLA class | histocompatibility antigen, B-48 alpha chain 519.88 40.06% 1 78 0.298
095810 Serum deprivation-response protein 171.99 20.24% 7 23  0.302
Q9BWO0O4 Specifically androgen-regulated gene protein 24.14 2.50% 1 1 0.303
QB6NZI2 Polymerase | and transcript release factor 369.53 20.77% 7 66 0.305
P04439 HLA class | histocompatibility antigen, A-3 alpha chain 559.86 37.53% 1 117 0.307
P53680 AP-2 complex subunit sigma 4442  11.27% 2 2 0.31
P62070 Ras-related protein R-Ras2 149.16 19.12% 1 22  0.312
Q9UGT4 Sushi domain-containing protein 2 469.98 16.42% 8 47  0.315
P57087 Junctional adhesion molecule B 50.3 9.73% 2 2 0323
Q16853 Membrane primary amine oxidase 829.29 27.79% 18 258 0.325
P13928 Annexin A8 0OS = Homo sapiens 184.7 16.21% 5 7 0.332
P11686 Pulmonary surfactant-associated protein C 103.09 14.72% 2 13 0.333
Q9NZN4 EH domain-containing protein 2 913.71 47.88% 22 125 0.335
Q10589 Bone marrow stromal antigen 2 73.37 10.00% 2 9 0.336
P10301 Ras-related protein R-Ras 281.04 38.53% 6 42 0.34
000168 Phospholemman 2734 13.04% 1 3 0.341
Q53TN4 Cytochrome b reductase 1 71.98 7.69% 2 5 0.342
Q9NRN5 Olfactomedin-like protein 3 75.77 6.16% 2 2 0.348
094911 ATP-binding cassette sub-family A member 8 180 5.76% 6 8 0.352
PO2747 Complement C1q subcomponent subunit C 114.71 16.33% 3 5 2.004
Q9HCY8 Protein S100-A14 184.4 61.54% 5 21 2.011
Q9BYCH5 Alpha-(1,6)-fucosyltransferase 55.04 3.65% 2 3 2.018
P01876 Ig alpha-1 chain C region 653.58 56.09% 5 167 2.034
P84090 Enhancer of rudimentary homolog 7431 32.69% 3 6 2.045
043196 MutS protein homolog 5 28 0.84% 1 2 2.048
Q9HD45 Transmembrane 9 superfamily member 3 70.79  4.92% 3 10 2.057
P06454 Prothymosin alpha 89.12 12.61% 2 12 2.097
Q8N4H5 Mitochondrial import receptor subunit TOM5 homolog 33 13.73% 1 2 2.101
Q04695 Keratin, type | cytoskeletal 17 453.76  29.17% 6 42 2121
P54886 Delta-1-pyrroline-5-carboxylate synthetase 343.75 16.35% 10 18 2.143
Q9GZT3 SRA stem-loop-interacting RNA-binding protein, 50.45 17.43% 2 2 2.144
P61604 10 kDa heat shock protein, mitochondrial 306.88 74.51% 8 64 2147
Q9HAV4 Exportin-5 31.61 0.83% 1 1 2155
Q04828 Aldo-ketoreductase family 1 member C1 295.12 29.41% 9 14 2173
060218 Aldo-ketoreductase family 1 member B10 237.75 21.84% 6 9 2.199
P10915 Hyaluronan and proteoglycan link protein 1 91.13 10.45% 3 4 2.205
P43490 Nicotinamidephosphoribosyltransferase 634.66 38.49% 15 59 2.231
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A8BMWO06 Thymosin beta-4-like protein 3 65.48 29.55% 3 13 2.233
P0O6889 Ig lambda chain V-IV region MOL 4774  31.13% 2 2 2.49
P25815 Protein S100-P 103.01 24.21% 2 18 2.556
P02458 Collagen alpha-1(ll) chain 129.15 3.30% 4 11 2.648
P49406 39S ribosomal protein L19, 36 3.77% 1 1 2.786
P21941 Cartilage matrix protein 187.68 8.67% 4 11 3.02
095994 Anterior gradient protein 2 homolog 356.89 50.86% 8 120 3.028
P01605 Ig kappa chain V-l region Lay 60.5 25.00% 1 3 3.434
Q9H8PO 3-oxo-5-alpha-steroid 4-dehydrogenase 3 47.92 2.20% 1 2 3.448
Q8IWY8 Zinc finger and SCAN domain-containing protein 29 14.43  0.70% 1 2 3.593
P52926 High mobility group protein HMGI-C 30.05 17.43% 1 1 4.038
P04438 Ig heavy chain V-Il region SESS 23.12  4.76% 1 2 4.083

Score: the sum of the scores of the individual peptides; Coverage: default the percentage of the protein sequence covered by
identified peptides; Unique Peptides: the number of peptide sequences unique to a protein group; PSMs: The total number of
identified peptide sequences (peptide spectrum matches) for the protein, including those redundantly identified; C: cancer; N:

normal.

mounted with coverslips. The primary antibody
was replaced with PBS as the negative control.
All of the sections were examined microscopi-
cally and blindly evaluated by two independent
pathologists according to a scoring method
previously described by Yu [12]. At least five
high-power fields were selected randomly, with
>200 cells counted per field. The immunohisto-
chemical score (IHS) was used to evaluate
C1QBP based on the German immunoreactive
score. The IHS was calculated by combining the
staining intensity score with the quantity score
(percentage of positive stained cells). Staining
intensity was classified according to the follow-
ing criteria: 0, no staining; 1, weak staining =
light yellow; 2, moderate staining = yellow
brown; and 3, strong staining = brown. The pro-
portion of positive cells was scored as follows:
0 (no positive tumor cells), 1 (less than 10% of
cells stained), 2 (10-50% of cells stained), and
3 (more than 50% of cells stained). The IHS was
calculated by combining the staining intensity
score with the quantity score (percentage of
positive stained cells). Using this method, the
expression of C1QBP in lung cancer tissues
was evaluated by determining the staining
index (scores 0-9). The combined staining score
(staining intensity times staining area) was then
graded as O, negative expression; 1-4, low
expression; and >4, high expression.

All observations and assessments were per-
formed by two independent observers who
were blinded to all clinical data. In all cases,
there was less than 5% inter-observer variation
in results. Cases with discrepancies were re-
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reviewed simultaneously by the original two
pathologists and a senior pathologist until a
consensus was reached.

Statistical analysis

Statistical analyses were performed using
SPSS (Version 16.0; Chicago, IL, USA). The rela-
tionship between C1QBP expression levels and
clinicopathological parameters was analyzed
using the Mann-Whitney U or Kruskal-Wallis
test. The C1QBP protein expression levels in
lung cancer versus normal tissue were also
analyzed using the Mann-Whitney U test. In all
tests, two-sided p-values < 0.05 were consid-
ered statistically significant.

Results
LCM

LCM was performed on lung cancer and sur-
rounding normal tissue specimens to isolate
tumor cells from non-tumor cells. Cryostat sec-
tions (8-um thickness)were stained with hema-
toxylin and eosin (H&E) prior to LCM. The cells
of interest were collected on an LCM cap,
whereas the interstitial tissues remained within
the section after LCM (Figure 1). Each type of
cell population on the LCM cap was estimated
to be over 95% homogeneous as determined by
microscopic visualization.

Validation of mitochondrial protein purification
Western blotting analysis was used to deter-

mine the purity of the extracted mitochondrial
proteins. An analysis of the signal strength

Am J Transl Res 2017;9(9):3918-3934
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Figure 3. MS/MS spectra of four identified peptides: (A) the MS/MS spectra of aFVDFLSDEIK, with m/z of 946.53412 Da (z = +2), MH+: 1892.06096 Da. (B) The MS
spectra of sequence MLPLLR with m/z of 371.73535 Da (z = +2), MH+: 742.46343 Da; (C) The MS spectra of sequence aFVDFLSDEIKEER with m/z of 1153.62549
Da (z = +2), MH+: 2951.60300 Da; (D) The MS spectra of sequence VEEQEPELTSTPNFVVEVIk with m/z of 864.46277 Da (z = +3), MH+: 2591.37375 Da.
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between the lung adenocar-
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sue according to ratios of
fold-change (= 1.5 or < 0.66).
In addition, 315 proteins
were upregulated and 195
were downregulated (Table
1). Referring to the literature,
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Figure 5. The isoelectric point (PI) distribution of the identified proteins.

using ImageJ software revealed that the plas-
ma mitochondrial marker (cytochrome c oxi-
dase) level was 5.7-fold and 5.6-fold higher in
the mitochondrial protein solution compared
with the cytoplasmic protein solution for lung
adenocarcinomas and normal lung tissue,
respectively. In contrast, the membrane marker
(Na*/K*-ATPase) levels were 3.1-fold and 3.3-
fold lower in the mitochondrial protein solution
compared with the cytoplasmic proteins for
lung cancer and normal lung tissues, respec-
tively (Figure 2). These results indicated that
the mitochondrial proteins were successfully
purified with lung cells by LCM.

Identification of differentially expressed pro-
teins

In this study, we used iTRAQ labeling and
2D-LC-MS/MS to compare protein expression
in pooled lung adenocarcinoma and matched
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in lung adenocarcinomas
(2.04-fold) compared with
normal lung tissues. The
MS/MS spectra of the four
peptides assigned to C1QBP
are shown in Figure 3.

60-80 80-100 100-120 120-140 140-160 160-180 180-200 >200

Bioinformatics analysis of differentially ex-
pressed proteins

The MW of the differentially expressed proteins
identified ranged from 5.1 kDa to 669.7 kDa;
however, 1091 proteins (81.2%) had a MW
between 20 kDa and 200 kDa. Moreover, the pl
ranged from 3.78 to 12.15, with 1166 proteins
(86.8%) between 4.58 and 9.38 (Figures 4 and
5).

GO annotation was utilized to characterize the
functions of the differentially expressed pro-
teins identified, which resulted in the classifica-
tion of the proteins into three major categories:
cellular component, molecular function, and
biological process. As well, we characterized
the top 15 annotations represented in each of
the three GO categories (Figure 6). The cellular
component category revealed that the differen-
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Figure 6. Significant Gene Ontology analysis of differentially expressed mitochondrial proteins (CC, Cellular component; BP, biological process; MF, molecular func-

tion).
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Figure 7. Significant pathway analysis of differentially
expressed mitochondrial proteins.

tially expressed proteins were mainly involved
in extracellular vesicular exosomes, focal adhe-
sion, membranes, cell surface, plasma mem-
branes, and mitochondrion. The GO annotation
likewise indicated that approximately 48% of
the differentially expressed proteins were mito-
chondrial and mitochondrial-related proteins,
accounting for approximately 35.5% of the pro-
teins detected.

In the molecular function category, the differen-
tially expressed proteins were mainly associat-
ed with protein binding, integrin binding, poly
(A) RNA binding, or functioned as structural
constituents of ribosomes or in GTPase activity.
The differentially expressed protein C1QBP is
involved in several biological processes such
as the binding of mRNA, kininogen, protein
kinase C, mitochondrial ribosome, protein, co-
mplement component Clq, adrenergic recep-
tor, hyaluronic acid, and transcription factor, or
in transcription corepressor activity.

The biological process category indicated that
the differentially expressed proteins were main-
ly related to cellular blood coagulation process-
es, SRP-dependent co-translational protein tar-
geting to the membrane, translational ter-
mination, extracellular matrix organization, or
nuclear-transcribed mRNA catabolic proce-
sses.

An additional pathway enrichment analysis was
conducted using KEGG for the 510 differential-
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ly expressed proteins. Using KEGG, we identi-
fied 63 pathways that were significantly en-
riched with association signals at the p < 0.05
level, including glycolysis/gluconeogenesis, ar-
ginine and proline metabolism, tyrosine metab-
olism, pyruvate metabolism, citrate cycle (TCA
cycle), cell adhesion molecules (CAMs), ECM-
receptor interaction, and proteoglycans in can-
cer. These signaling pathways are significantly
affected by different proteins. And some of sig-
naling pathways are closely related to tumors
(Figure 7). Thus, some different proteins might
be related to the occurrence and development
of lung cancer.

Validation of CIQBP expression by Western
blotting

To further validate the differential expression of
C1QBP identified by iTRAQ labeling and LC-MS/
MS, we examined C1QBP expression levels in
10 lung adenocarcinoma tissue samples and
paired normal lung tissues using Western blot-
ting. As shown in Figure 8, C1QBP was signifi-
cantly upregulated in lung adenocarcinomas
compared with matched normal lung tissues,
which confirmed the LC-MS/MS results.

C1QBP expression in lung cancer and normal
lung tissues

To verify the results obtained from the quantita-
tive proteomics analysis, we performed IHC to
detectthe expression and cellular distribution
of C1QBP in a series of 46 lung cancer speci-
mens, including 26 adenocarcinomas and 20
lung squamous cell carcinomas, along with a
series of 24 normal lung tissue specimens.

Increased expression of C1QBP was observed
in the cytoplasm of the tumor cells in most
of the lung adenocarcinoma specimens and in
the squamous cell carcinomas (Figure 9). We
also detected the expression of C1QBP at the
nucleus of lung cancer cells, especially in phase
I1I/1V tumors. However, negative or low C1QBP
expression levels were observed in a large
majority of the normal lung specimens (Figure
9A). Compared with normal lung specimens,
the expression of C1QBP in adenocarcinomas
was significantly increased (p < 0.01). Similarly,
C1QBP expression was significantly higher in
lung squamous cell carcinomas compared with
normal lungtissue specimens (p < 0.01; Table
2).
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Figure 8. Expression of C1QBP in lung adenocarcinomas and paired normal lung tissues. B-actin was used as a

loading control.

Figure 9. A. Weak staining of C1QBP in lung adenocarcinoma cell (LAC). B. Moderate staining of C1QBP in LAC. C.
High staining of C1QBP in LAC. D. Negative staining in normal lung tissue. E. Weak staining of C1QBP in lung squa-
mous cell (LSC). F. High staining of C1QBP in LSC.

Further, we summarized the relationship bet-
ween clinicopathological characteristics and
C1QBP expression in Table 3. We found that
C1QBP expression is higher in stage G3 lung
cancers than in stage G1/G2 tumors (p =
0.039). The expression of C1QBP in lung can-
cers with lymph node metastasis was signifi-
cantly increased compared to lung cancers
without lymph node metastasis (p = 0.000).
The expression of C1QBP was likewise signifi-
cantly increased in stage IllI/IV tumors com-
pared with stage I/1l tumors (p = 0.000). How-
ever, there were no significant correlations
between C1QBP expression and other clinico-
pathological characteristics, including patho-
logical type, patient age, gender, or tumor size
(Table 3).
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Discussion

In this study, we endeavored to detect differen-
tial protein expression between lung adenocar-
cinomas and normal lung tissue. Hence, our
study focused on lung cancer and normal lung
tissues. Because solid tumors are composed of
a variety of clones or subpopulations of cancer
cells, the cells within the tumor might exhibit
differing properties. Thus, it is necessary to
purify the target cells from the heterogeneous
tissues to improve the accuracy of the results.
LCM is one of the best technologies for cell
purification [13]. As well, there is significant evi-
dence suggesting that LCM can increase the
specificity and sensitivity obtained from can-
cer tissue sections in biological and clinical-
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Table 2. C1QBP expression in lung cancer
and normal lung tissues

Expressional level

Group N - P-value*
Neg Low High

LAC 26 2 9 15 <0.071°

LSCC 20 1 6 13 <0.01°

LC 46 3 15 28 <0.01°

Normal 24 15 8 1

“Mann-Whitney U test; 2LAC versus normal lung tissue;
PLSCC versus normal lung tissue; °LC versus normal lung
tissue; LAC, lung adenocarcinoma; LSCC, lung squamous
cell carcinoma; LC, lung cancer LCA+LSCC.

focused studies [14-17]. Hence, we obtain puri-
fied lung adenocarcinoma cells and normal
lung alveolar epithelial cells using LCM.

Proteins are more diverse than DNA or RNA and
contribute to the immense complexity of a bio-
logical system. Genomes and transcriptomes
are relatively static and can be transcribed into
a variety of functionally distinct proteins.
Further, many cellular events that are mediated
post-transcriptionally cannot be predicted ba-
sed on the nucleic acid sequence [18]. Thus,
the proteome might provide a more realistic
picture of the functional aberrations that occur
in cancer cells and lead to the discovery of a
biomarker that could serve as a therapeutic
target. Thus, we performed LCM combined with
proteomics analysis to identify differentially ex-
pressed proteins in human lung adenocarcino-
ma and normal lung tissues, which has already
been reported in prior lung cancer studies
[19-21].

Mitochondria are influential in cancer initiation,
growth, survival, and metastasis, and have
become a research ‘hot spot’ in the subcellular
proteomics analysis of cancer tissues. Several
investigations of the tumor mitochondrial pro-
teomes were recently conducted, including
breast cancer, renal cell carcinomas, and 0s-
teosarcomas [22-24]. Purification of mitochon-
dria or the preparation of mitochondrial-en-
riched protein fractions prior to proteomics
analysis is critical to producing a higher yield
of mitochondrial targets. Hence, we used the
sucrose density gradient ultracentrifugation
method in our study, which is a classical meth-
od for obtaining highly enriched mitochondrial
fractions from tissues and cells, although the
method istime-consuming [18]. Using this
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method, we obtained purified mitochondrial
proteins, which we confirmed by Western
blotting.

Our study combined the use of LCM with pro-
teomics, and obtained purified mitochondrial
proteins.Quantitative proteomics techniques
have recently emerged as a robust tool for
uncovering differential protein expression
associated with the mechanisms and thera-
peutic targets of natural products. Several prior
studies have focused on lung cancer [25, 26].
As well, several alternative technologies for the
separation, identification, and quantification of
alterations in the proteome are available, each
with particular strengths and limitations.
Traditional two-dimensional gel electrophoresis
(2-DE) techniques have been widely used in
comparative proteomics and are associated
with significant advances, but 2-DE has several
disadvantages. 2-DE is less than satisfactory
when extensive sample handling is required. As
well, 2-DE is also less accurate for the identifi-
cation of low abundance proteins, proteins with
high MW and p | values, and for hydrophobic
proteins [27, 28]. At present, iTRAQ is the most
widely used method for high-throughput protein
quantitation, as it allows the simultaneous
quantification of multiple biological samples
[29, 30]. As well, this technology has been suc-
cessfully used to identify differentially expre-
ssed proteins in lung adenocarcinoma cell lines
[31]. Bottom-up proteomics approaches that
combine LC for peptide separation with tandem
MS for identification and quantification (LC-
MS/MS) are becoming increasingly popular due
to improvements in instrumentation and quan-
tification approaches [30]. Likewise, recent
advances have made it possible to seek novel
molecular markers using large-scale pro-
teomics for the diagnosis, outcome prediction,
and identification of molecules involved in car-
cinogenesis during tumor development.

In the present study, we utilized comparative
proteomics to identify differentially expressed
proteins in lung cancer and normal tissues, and
found that the expression of C1QBP was signifi-
cantly different between lung cancer and nor-
mal tissues. C1QBP (Complement component
1 Q subcomponent-binding protein,also p32/
gC1gR/HABP1) is a highly anionic, 33 kDa cel-
lular protein that was initially identified and
characterized as the gC1q receptor for comple-
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Table 3. Association between C1QBP expression
and clinicopathological characteristics of lung
cancers

o C1QBP expression
Characteristics No. - - P-value
Negative Low High
Gender
Male 30 1 9 20 0531
Female 16 2 6 8
Age
<60 25 1 9 15 0.489
>60 21 2 6 13
Grade
G1/G2 23 1 11 11 0.039
G3 23 2 4 17
Histology type
LC 26 2 9 15 0.990
LSCC 20 1 6 13
TNM stage
I/1 25 1 10 14 0.000
/v 21 2 5 14
Lymphatic invasion
NO 24 1 10 13 0.000
N+ 22 2 5 15
Tumor size
<3 17 1 6 10 0.810
3<T<7 25 2 8 15
>7 4 0 1 3

P-values by Mann-Whitney U test or Kruskal-Wallis test.

ment component Clq [32]. C1QBP was also
thought to be a link to autophagy [33], a key
molecule in oxidative phosphorylation [34], a
regulator of tumor metabolism, and a mediator
of cellular apoptosis [35] in mitochondria; thus,
it might be involved in cancer progression.

In our study, we detected the differential ex-
pression of C1QBP in mitochondria between
lung cancer and normal tissues by Western
blotting. Other studies have also indicated that
C1QBP is localized in the mitochondria but not
in the nucleus in prostate cancer cell lines [36-
38]. However, it was also reported that C1QBP
is localized predominantly in the mitochondrial
matrix but is also present at the cell surface
[39] and in the nucleus [40-42]. RieAmamoto
found that the nuclear expression of p32 was
significantly increased in prostate cancer with a
higher Gleason score, pathological stage, and
preoperative prostate-specific antigen level,
suggesting that the nuclear function of p32
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might be involved in tumor progression.We
found obvious differences in C1QBP expression
in the mitochondria of lung adenocarcinoma
cellsversus normal alveolar epithelial cells. In
our immunohistochemistry analyses, we de-
tected the expression of C1QBP in the mito-
chondriaand in the nucleusin the tissues ana-
lyzed, especially in tissues with high C1QBP
staining (Figure 9C-F), which suggests the dif-
ferential localization of C1QBP in different cell
types under different physiological conditions,
including cancer. Further, the nuclear expres-
sionof C1QBP might be associated with an
interaction with nuclear proteins such as alter-
nate mRNA splicing factor SF2 [40] and LaminB
receptor [43].

The current study is the first to demonstrate the
relationship between clinicopathological fac-
tors and the expression of p32 in patients with
lung cancer. The overexpression of C1QBP has
been described in human adenocarcinomas of
the breast [44], thyroid, colon, pancreas, stom-
ach, esophagus, and lung relative to corre-
sponding nonmalignant tissues [45]. Likewise,
immunohistochemistry results have revealed
that HABP1 expression in breast cancer cells is
higher than levels detected in normal breast
cells. A multivariate analysis revealed that the
expression of C1QBP was a significant factor
for predicting prognosis and indicated that the
expression of C1QBP in prostate tumor sam-
ples was significantly associated with the
Gleason score, pathological stage, and relapse.
These data suggested that C1QBP is critical for
the proliferation of prostate cancer cells and
might be a novel marker of clinical progression
in prostate cancer. In our study, C1QBP was
highly expressed in lung cancer samples and
its expression was significantly associated with
the pathological grade, TNM stage, and lymph
node metastasis. These data suggest that
C1QBP is also critical for lung cancer and might
be a novel marker of clinical progression in lung
cancer.

However, Ghosh et al [46] reported the detec-
tion of C1QBP expression in normal proliferat-
ing cells, benign inflammatory lesions, and epi-
thelial-derived malignancies [47]. In particular,
the absence of C1QBP might have a strong
negative predictive value for ruling out a patho-
logic process involving epithelial cells. Thus,for
C1QBP to be considered a biomarker, further
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studies on the expression of C1QBP in other
lung diseases, such as pneumonia and tuber-
culosis, are required.

In conclusion, we used iTRAQ-labeling com-
bined with 2D LC-MS/MS and identified 510
differentially expressed mitochondrial proteins
in lung adenocarcinoma and normal lung tis-
sue. We likewise selectively verified the expres-
sion of the mitochondrial protein C1QBP, which
exhibited differential expression in the cancer-
ous and normal lung tissues. The current study
is the first to demonstrate the relationship
between clinicopathological factors and the
expression of C1QBP in patients with lung can-
cer. To be verified as a biomarker of lung can-
cer, additional studies of the expression of
C1QBP in other benign lung diseases are
required. Nonetheless, our findings could have
potential clinical value in the diagnosis of lung
cancer, and provide valuable information for
future studies of the molecular mechanisms of
mitochondria during lung cancer.
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