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Abstract: Tumor-specific protein spots were identified, including ApolipoproteinA-I precursor (Apo-AI),
Peptidyl-prolyl cis-trans isomerase A, Calgranulin B (MRP-14), Calgizzarin (S100C protein), Ras-related protein
Rab-14, apolipoprotein E. Among these 6 proteins, the potential significance of the differential expressions is discussed.
These findings demonstrate that differential expression analysis of proteomes may be useful for the development of new
molecular markers for diagnosis and prognosis of lung cancer. [Life Science Journal. 2009; 6(3): 46 – 53] (ISSN: 1097
– 8135)
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because of the known heterogeneity of lung cancers.

1. Introduction
Lung cancer is the leading cause of cancer death

Methods have been developed to identify the tumor

worldwide, and the number of lung cancer patients has

associated antigens such as molecular cloning in system

been increased with the exposure to the environmental

or using a biochemical strategy based on the extraction

[1–4]

. Prevention of lung cancer is a serious

of antigenic peptides bound to major histocompatibility

worldwide challenge. It is clear that the successful

complex class 1 molecules from tumor cells. These

prevention of lung cancer will depend on the reduction of

methods have allowed the recognition of certain human

risk factors along with better methods of screening and

tumor antigens[7]. However, no evidence has been

early detection. Tumor markers are widely used for

obtained indicating that the detection of these markers

screening, diagnosis, staging, prognosis, monitoring

precedes clinical diagnosis of lung cancer.

risk factors

Proteome is defined as the total proteins expressed

response to treatment, and detection of recurrent
[5]

disease . The analysis of proteins overexpressed in lung

by a genome and the comparative analyses of proteomes

cancer, and making the proteins serve as tumor markers,

from cancer cells or tissues promise the discovery of new

has been the subject of extensive research.

biomarkers for early detection of cancers

[8, 9]

. In this

molecular

proteomics approach, two-dimensional polyacrylamide

pathology of lung tumors have been achieved, additional

gel electrophoresis (2D-PAGE) and mass spectrometry

information is critical to our understanding of the

have been the most important technologies for the

development and progression of these tumors as well as

separation and identification of proteins respectively [10,

to early diagnosis. The most commonly evaluated

11]

markers

Although

many

insights

into

the

. 2D-PAGE is a powerful research technique, which

enolase,

makes it possible to simultaneously examine hundreds of

carcinoembryonic antigen, cytokeratin 19 fragments

polypeptides in a tissue sample. It has been widely used

(CYFRA 21-1), squamous cell carcinoma antigen, cancer

for the detection and identification of potential tumor

antigen CA 125, and tissue polypeptide antigen [6].

markers

It is a complex work to detect new candidate markers

desorption/ionization-time of flight-mass spectrometry

______________________________________________

(MALDI-TOF-MS), we tried to identify the biomarkers
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of lung cancer by the comparative proteomes analysis of

include

neuron-specific
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[12]

.Using 2D-PAGE and matrix assisted laser

human normal lung tissues and cancerous lung tissues,
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and the study will help to elucidate the molecular

estimated according to a commercial Bradford reagent.

mechanism of cellular events associated with cancer

BSA was used as standard.

progression, such as cellular signaling[13,14].

1.3 2D electrophoresis and image analysis

1 Materials and methods

carried out on a ProteanIEF cell (Bio-Rad) using precast

1.1Reagents

17 cm pH 3–10 IPG gelstrips (Bio-Rad). 300Pg total

First-dimension iso-electric focusing (IEF) was

Immobiline DryStrips (pH 3–10, 17 cm), DryStrip

protein for silver staining gels (1000Pg for Coomassie

coverfluids, immobilized pH gradient (IPG) buffer,

Brilliant Blue staining gels) was mixed with rehydration

3-[(3-cholamidopropyl)

solution (8 M urea, 2% CHAPS, 50 mM DTT,0.2%

dimethylammonio]-1-propanesulfonate(CHAPS),

Bio-Lyte 3/10 ampholyte, and 0.001% bromophenol blue)

bromophenol

acrylamide,

tris-base,

to a total volume of 500PL. Rehydration and IEF were

sulfate

(SDS),

carried out as follows: 12 h of passive rehydration, IEF at

N,N,N',N'-tetramethylethylenediamine (TEMED), and

500 V for 30 min, 5000 V for 3 h, and 10,000 V for 8h.

coomassie brilliant blue R-250, dithiothreitol(DTT),

The current was limited to 70PA per gel strip. All IEF

iodoacetamide, acetic acid, trypsin(sequencing grade),

steps were carried out at 17°C. After IEF separation, the

trifluoroacetic acid were bought from Bio-Rad and

gel strips were immediately equilibrated using two steps

Sigma. The remaining chemicals were of analytical

in equilibrium buffer containing 50 mM Tris-HCl (pH

grade. All buffers were prepared with Milli-Q water.

8.8), 6 M urea, 30% glycerol, and 2% SDS. At the first

1.2 Tissues and extraction preparation

step, 2% DTT (W/V) was included in the equilibrium

glycine,

blue,

agarose,

sodium

dodecyl

Lung cancer tissues and corresponding adjacent

buffer. 2.5% iodoacetamide (W/V) was added at the

noncancerous lung tissues were obtained with informed

second step. The second dimension separation (13% T,

consent from patients at the First Affiliated Hospital of

2.7% C) was carried out using Tris-glycine buffer

Zhengzhou University. Cancer samples were obtained

containing 1 g/L SDS on a Protean II xi 2-D cell

from the “core” part of the tumor to avoid the adjacent

(Bio-Rad) according to the following procedure: 5

noncancerous tissue. For each of the normal tissues,

mA/gel for the initial 0.5 h and 18 mA/gel there after and

surface

a temperature of 4 °C, until the bromophenol blue front

epithelium

was

procured

selectively

by

dissection with special care for minimal contamination of

reached the bottom of the gel.

nonepithelial cells, and samples were immediately

For silver staining, gels were immersed in ethanol:

snap-frozen in liquid nitrogen. They were classified

acetic acid: water (35:7:58) for 1.5 h, followed by

histologically according to Lauren’s classification after

washed twice in deionized water for 20 min. Gels were

hematoxylin and eosin staining.

pretreated for 1 min in a solution of 0.2 g/L Na2S2O3 and

Fragments of normal and malignant tissues were

followed by 3 of 1-min washes in deionized water.

sharp dissected and homogenized with a homogenizer in

Proteins were stained in a solution containing 2 g/L

2 mL fresh lysis buffer [7 mol/L urea, 2 mol/L thiourea,

AgNO3 and 0.075% formalin (37 g/L formaldehyde in

40

water) for 20 min, and washed twice in deionized water

mmol/L

Tris

,40

g/L

3-([3-cholamidopropyl]
(CHAPS),

for 1 min. Subsequently, gels were developed in a

100mmol/L dithiothreilol, 0.5 mmol/L PMSF, 0.5

solution of 0.6 g/L formaldehyde, 20 g/L Na2S2O3 and

mmol/L EDTA, 2%(V/V)NP-40 , 2%(V/V) Bio-Lyte

0.004 g/L Na2S2O3. When the desired intensity was

3/10, 1%(V/V)TritonX-100], then placed into tubes on

attained, the developer was discarded and reaction was

ice for dealing with ultrasonic for 10 min. The mixture

stopped by 10 g/L EDTA-Na2. For Coomassie Brilliant

was centrifuged at 1 000 r/min for 5 min to remove tissue

Blue staining of gels, gels were equilibrated in a solution

and cell debris, then centrifuged in a tableletop

containing 500 ml/L methanol, 50 ml/L acetic acid and

ultracentrifuge at 12000 g for 30 min at 4°C. The

25 g/L Coomassie Brilliant Blue R-250. Gels were rinsed

supernatant was pipetted off and stored at -80°C until use.

in 300 ml/L ethanol containing 70 ml/L acetic acid.

dimethylammonio),

1-propanesulfonate

To account for experimental variation, three batches

These were used as the 2DE samples for the soluble

of total proteins extracted from the experimental and

fraction. Protein concentration of 2-DE samples was
47
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control sample respectively, were subjected to 2-D

the target and dried. Dried spots were analyzed in an

electrophoresis and replicate gels were simultaneously

REFLEX-III (Bluker) MALDI-TOF mass spectrometer.

run three times. Protein patterns in the gels after staining

The spectrometer was run in positive ion mode and in

were

a

reflector mode with the setting: accelerating voltage, 20

high-resolution scanner. Gel image matching was done

kV; grid voltage, 76%; guide wire voltage, 0.01%; and a

with PDQuest software(version 6.2, Bio-Rad, Richmond,

delay time of 150 ns. The low mass gate was set at 500

CA).

m/z. Protein identification was carried out by peptide

recorded

as

digitalized

images

using

mass fingerprinting with searching the protein databases

1.4 In-gel digestion
Protein spots on Coomassie blue stained gel were

of Swiss-Prot/TrEMBL

performed essentially as described. After the completion

(http://www.expasy.ch/tools/peptident.html) and Mascot

of staining, the gel slab was washed twice with water for

(http://www.matrixscience.com/). The following search

10 min. The spots of interest were excised with a scalpel

parameters were applied: a mass tolerance of 50 ppm and

and put into 1.5 mL micro-tubes. The particles were

one incomplete cleavage were allowed; acetylation of the

washed twice with water and then twice with

N-terminus,

water/acetonitrile (1:1) for 15 min. The solvent volumes

carboxyamidomethylation were considered as possible

were about twice that of the gel. Liquid was removed,

modifications.

alkylation

of

lysine

by

acetonitrile was added to the gel particles and the
mixture was left for 2 h. After that, liquid was removed

2 Results

and the particles were rehydrated in 25 mmol/L

2.1 Protein expression maps of paired samples and

NH4HCO3 for 5 min. Acetonitrile was added to produce

image analysis

a 1:1 mixture of 25 mmol/L NH4HCO3 /acetonitrile and

In order to evaluate the reproducibility of the

the mixture was incubated for 15 min. All liquid was

soluble protein preparations and to quantify the protein

removed. Gel particles were dried in a vacuum centrifuge,

extracts for 2DE gel analysis, mini 2DE gels (7 cm,

reswelled in 10 mmol/L dithiothreilol and 25 mmol/L

pH3-10) were used at first. To ensure quality and

NH4HCO3, and incubated for 30 min at 56 °C to reduce

reproducibility of results, three gels per sample were

the peptides. After chillness of tubes to room temperature

processed simultaneously with the same power supply

and removal of the liquid, 55 mmol/L iodoacetamide in

and analyzed using PDQuest 2-D software(version 7.1,

25 mmol/L NH4HCO3 was added. The tubes were

Bio-Rad, Richmond, CA). Protein extracts prepared from

incubated for 30 min at room temperature in the dark to

tissues were compared in this way and found to be highly

S-alkylate the peptides. Then iodoacetamide solution was

reproducible. Protein patterns were analyzed using

removed, the particles were washed with 25 mmol/L

PDQuest

NH4HCO3 and acetonitrile, dried in a vacuum centrifuge,

comparisons were made between replicate groups,

rehydrated in digestion buffer containing 50 mmol/L

comprising the three gels for each sample. Quantitation

NH4HCO3 and 12.5 ng/L trypsin (TPCK-treated,

is based on the peak intensity and area of Gaussian-

proteomics grade, Sigma, USA), incubated for K̚12 h

fitted spots, allowing more accurate quantitation than

at 37 °C. After digestion, 25 mmol/L NH4HCO3 was

summation of pixel intensities. Any differential spots

added, and the tube was incubated for 15 min.

that were not present or absent in all three gels within a

Acetonitrile was added and the tube was incubated for

replicate group were excluded.

another 15 min. The supernatant was recovered, and the

Two-dimensional gel electrophoresis maps
were constructed for human normal lung
tissues and cancerous lung tissues proteins in
fig.1. We made separate maps for the pH range
 ̚ 10. The second-dimensional gel
electrophoresis was performed with 12.5%
SDS-PAGE. For each sample, over 800 protein
spots were resolved in a 2-DE gel (20 cm×20

extraction

was

repeated

twice

with

50

g/L

TFA/acetonitrile (1:1). The three extracts were pooled
and dried in a vacuum centrifuge.
1.5

MALDI-TOF-MS identification of peptide

mixtures and database searching
The peptide mixtures solubilized with matrix solution
CCA (D-cyano-4-hydroxycinnamic acid) was spotted on
48
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cm) with silver-stained by computer-aided
image analysis, and over 500 protein spots
were resolved with Coomassie Brilliant
Blue-stained. Figure 1A (from cancer tissues)
contains a total of 530 spots, whereas figure 1B
(from normal tissues) contains a total of 560
spots. A total of 515 spots from cancer tissues

could be matched to those from normal tissues.
In total, we were able to identify
cancer-specific spots in 2DE gels. The
positions of the identified proteins are shown in
figure 1A. All of the identified spots could be
considered as abundant proteins because of
Coomassie Blue staining.

A
Figure 1.

B

2-D gel images of protein expression in lung cancer tissue and normal lung tissue

A: sample from lung cancer tissue. B: sample from

and whether human protein appeared as the top

normal lung tissue of the same patient.

candidates in the first pass search where no restriction

Proteins were separated on pH 3-10 linear IPG strip in

was applied to the species of origin. The data for the

the first dimension and 125 g/L SDS-PAGE in the second

protein spot 1 as an example are shown in fig. 2. Fig. 2A

dimension. All labeled spots were different expresses

shows the MALDI-TOF MS peptide mass fingerprint

proteins.

spectrum of trypsin-digested protein spot 1. Fig. 2B is

To evaluate the potential for spurious differences

the probability based mowse score. Score is -10*Log(P),

that are not stage-specific, we also compared replicate

where P is the probability that the observed match is a

groups in which gels were arbitrarily assigned to one of

random event. Protein scores greater than 53 are

three groups, each containing one gel from each stage.

significant (p<0.05). The score of two proteins is

No differences were detected between these groups,

significant, we choice the protein with the highest

which suggested that the differentially represented spots

score .Fig. 2C lists the matching peptides. Twenty

are genuinely sample-specific.

peptides

2.2 Identification of overexpression proteins in

accession-numbered as P02647 in the protein database

cancerous lung tissues using peptide mass

SWISS-PROT. These 20 peptides are indicated in the

fingerprinting

protein sequence shown in fig. 2D. The results of

were

matched

with

ApolipoproteinA-I,

Overexpression proteins spots were excised from

identification are summarized in the table 1. These

the 2-D gels of cancerous lung tissues and subjected to

identified protein spots are numbered as shown in Figure.

trypsin digestion and MALDI mass spectrometry. 6 spots

1.

were identified successfully. The criteria used to accept
identifications including the extent of sequence coverage,
the number of peptides matched, the probability score,
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A

B

C
APA1_HUMAN;
Apolipoprotein A-I precursor (Apo-AI)
(P02647)
1 MKAAVLTLAV LFLTGSQARH FWQQDEPPQS PWDRVKDLAT VYVDVLKDSG
51 RDYVSQFEGS ALGKQLNLKL LDNWDSVTST FSKLREQLGP VTQEFWDNLE
101 KETEGLRQEM SKDLEEVKAK VQPYLDDFQK KWQEEMELYR QKVEPLRAEL
151 QEGARQKLHE LQEKLSPLGE EMRDRARAHV DALRTHLAPY SDELRQRLAA
201 RLEALKENGG ARLAEYHAKA TEHLSTLSEK AKPALEDLRQ GLLPVLESFK
251 VSFLSALEEY TKKLNTQ%

D

Figure 2. Analysis of spot NO.1 from human lung 2-DE map (pH 3–10) by MALDI-TOF MS. (A) MALDI-TOF MS
peptide mass fingerprint spectrum obtained from crude peptide mixture after in-gel tryptic digest of spot NO.1.
(B) Probability based mowse score (C) The list of matching peptides between the experimental and theoretical values.
(D) The sequence of ApolipoproteinA-I identified. The matched peptides are shadowed in the sequenc
50
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MALDI-TOF-MS identification of overexpression proteins in lung cancer tissues

Table 1.

Matched

Top

Peptide

score

Mr

20

179

30759

42

ApolipoproteinA-I precursor (Apo-AI)

gi4557325

8

66

36246

34

apolipoprotein E precursor

3

P35287

9

66

23912

49

Ras-related protein Rab-14

4

P06702

6

60

13234

52

Calgranulin B (MRP-14)

5

P05092

10

62

17870

47

Peptidyl-prolyl cis-trans isomerase

6

P31949

16

110

11733

54

Spot*

AC**

1

P02647

2

Theoretic

Sequence***
coverage (%)

Name and description

Cyclophilin A

* The numbering and lettering corresponding to the two-dimensional gel electrophoresis image in Fig. 1.
**Accession number in NCBInr, SWISS-PROT.
***Percentage of the protein sequence covered by the matched peptides.
trypsin[18]. The developed bioinformatics allows the

3 Discussion

identification of most proteins[19].

Proteomic study means the analysis of the entire
[15]

.

In this paper, we reported comparative proteome

Classically, proteome analysis consists of three steps:

studies between normal lung tissues and cancerous lung

Two-dimensional gel electrophoresis (2-DE) used for

tissues. The pH 3̚10 range in the first-dimensional gel

proteins profiling, mass spectrometry (MS) for critical

electrophoresis separates the soluble proteins in the lung

confirmation

and

tissues. All paired samples, which would be compared

bioinformatics for protein identification. Comparative

each other, were run together at the same conditions.

proteome analysis is a good strategy to discover proteins

This avoids any artificial differences between samples

that undergo changes in expression level and may

due to the different running conditions.

protein complement expressed by a genome

of

the

molecular

weights

underlie the differences of phenotype[16]. 2-DE with its

The 2-DE patterns of normal lung tissues and

recent developments has been seen as an ideal tool for

cancerous lung tissues were compared each other with

proteome analyses. Immobilized pH-gradient (IPG)

the help of the software PDQest, and different

strips

gel

expressional protein spots were found. These protein

electrophoresis to provide a basis for reproducible

spots have a consistent increase in all 8 independent

separation according to proteins isoelectric points.

paired samples. Over-expressed protein spots were

Advanced computer graphics and image analysis systems

excised from the gel and digested with trypsin.

have offered a possibility for quantitative detection of

Molecular weights of the tryptic peptides were

protein spots, in addition to edition and storage of the

determined by MALDI-TOF-MS. Obtained protein

2-DE images. Proteome comparison between tissues in

scores are significant (P < 0.05) in the protein database

the different situations can cast a light on some protein

search. 19%̚72% coverage of protein sequences was

spots, which are differently expressed in quantity under

obtained in the analyses of MALDI-TOF MS.

are

used

in

the

first-dimensional

different surroundings. Nowadays, mass spectrometry

Number 4 and number 6, were identified as

such as matrix-assisted laser desorption ionization-time

Calgranulin B (S100A9, MRP14) and Calgizzarin

of flight mass spectrometry (MALDI-TOF-MS)[17], can

(S100A11, S100C protein), two members of the S100

routinely identify and characterize proteins. Peptide mass

family. S100 proteins comprise a family of 1̚14 kDa

fingerprinting identifies a protein based on the molecular

EF-hand-containing

weights of its peptides obtained by MS after digestion by

calcium

binding

proteins

that

function to transmit calcium-dependent cell regulatory
51
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signals, which are specifically expressed in a variety of

many biological functions including immune modulation,

tissues and cell types. It is thought that they are primarily

cell growth, tumorigenesis, and vascular disease. The

2+

involved in Ca -mediated signal transduction. Changes

objective of this study was to determine the effect of

in intracellular calcium levels alter the structure and

CypA on cell proliferation and several gene expressions

[20]

. They have been frequently

function of these proteins

in human endothelial cells and vascular smooth muscle

and

cells[27]. Cyclophilin A (CyPA) is overexpressed in

differentiation, with cell cycle regulation and with

non-small cell lung cancer (NSCLC), but it was not

several human diseases such as cancer and skin disorders.

found that CyPA is of prognostic significance[28].This

Studies suggest that these members of the S-100 protein

paper reported Cyclophilin A (CypA) overexprssed in

family have a role in cytoskeletal changes seen in various

lung cancer ,but it’s function of a biomarker for lung

skin

cancer need further study to validate.

described

in

association

diseases.

with

Calgizzarin(

cell

growth

S100A11)is

a

In conclusion, the differences of the proteins

calcium-binding protein implicated in a variety of
and

between normal and cancerous lung tissues are complex.

differentiation in cancer. Calgizzarin, a new tumor

To affirm proteins studying above be cancer-associated

marker

biologic

functions

such

as

proliferation

carcinoma

of lung cancer and to serve for the further basic and

(NPC)[21],plays a significant role in tumor suppression

clinical investigation, we need do some other works such

and it is involved in prostate cancer development and

as enlarging sample, purifying and analyzing these

progression. Calgranulin B represents a novel molecular

differential proteins, and study the actions during the

parameters of the early events of inflammatory reactions

multistage process of lung cancer.

that reveal interesting aspects for the pathomechanism of
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