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In order to screen the aging related proteins in human

normal colon epithelia, the comparative proteomics analysis

was applied to get the two-dimensional electrophoresis (2-

DE) profiles with high resolution and reproducibility from

normal colon epithelial tissues of young and aged people.

Differential proteins between the colon epithelia of two age

groups were found with PDQuest software. The thirty five

differential protein-spots were identified by peptide mass

fingerprint (PMF) based on matrix-assisted laser desorption/

ionization time-of-flight mass spectrometry (MALDI-TOF-

MS) and database searching. Among them there are

sixteen proteins which are significantly up-regulated in the

colonic mucosal epithelia of young people group, which

include ATP synthase beta chain, electron transfer flavoprotein

alpha-subunit, catalase, glutathione peroxidase 1, annexin

A2 and heat shock cognate 71 kDa protein, etc.; There are

nineteen proteins which are significantly up-regulated in

the colonic mucosal epithelia of aged people group, which

include far upstream element-binding protein 1, nucleoside

diphosphate kinase B, protein disulfide-isomerase precursor

and VDAC-2, etc.. The identified differential proteins

appear to be involved in metabolism, energy generation,

chaperone, antioxidation, signal transduction, protein

folding and apoptosis. The data will help to understand the

molecular mechanisms of human colon epithelial aging.

Keywords: Aging, Colon epithelium, Differential expression

protein, MALDI-MS Two-dimensional gel electrophoresis

Introduction

The colon is an important human organ and its epithelium

plays a central role in many physiological functions including

digestion, absorption, secretion and defense etc.. Aging which

involves a slow decline in the physiological activity of human

colonic epithelium is also associated with many colonic disorders

including colon cancers (Xiao et al., 1999). The incidence rate

of colon cancer increases dramatically with ages, before 40

years old it is much lower and it reaches the peak in seventies

(Fante et al., 1997). Explanations have been offered for the

age-related increase in colon cancer incidence such as altered

carcinogen metabolism (Nensey et al., 1995), the cumulative

effects of long-term exposure to certain carcinogens (Birnbaum

and Baird, 1979), cell hyperproliferation (Holt and Yeh,

1988), genetic alterations (Fearon, 1992) and altered gene

methylation level (Issa et al., 1994). Although these studies

revealed a part of mechanism of the susceptibility of aged

colonic epithelium to carcinogenesis, it is far from being

elucidated comprehensively and systematically.

Majority of researches about colonic epithelial aging

process and the susceptibility of aged colonic epithelium to

diseases focused on one or several genes (Xiao and Majumdar,

2001; Xiao et al., 2001) and stayed at the level of DNA or

RNA, such as investigating aging-related changes in gene

expression patterns in colonic epithelium using cDNA

microarray analysis (Lee et al., 2001). Since it is proteins,

which are the active agents in cells, that carry out nearly most

of the vital activities and there is no strict linear relationship

between the expression level of the mRNAs and that of the

proteins (Gygi et al., 1999), global analysis of changes in

protein expression in colonic epithelium during normal aging

process is necessary for a better understanding colonic epithelial

aging process and aging-related diseases including malignancy.

Proteomics, a new science which deals with total sets of

proteins of different stage in a cell, an organ or an individal
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with proteomic technique, provides a high throughout method

to study the complexity of life. Through proteomics analysis

we can find out the physiological or pathological process-

related proteins and elucidate the important physiological and

pathological phenomena. The emergence of proteomics also

offers new tools for investigating the mechanisms of colonic

epithelial aging and aging-related diseases.

The samples of this study are the human normal colon

epithelium from different age groups. Firstly, high quality 2-

DE images of tissue proteins were prepared and then PDQuest

software was used to analyze the 2-DE images to find the

differentially expressed proteins by the comparison of the

difference of protein profiles of human colon epithelium from

different age group; secondly differentially expressed proteins

were identified by the application of MALDI-TOF-MS

technology and database searching. The results presented here

will no doubt provide clues to elucidate the molecular mechanism

of the colon epithelial aging and aging-related diseases.

Materials and Methods

Tissue samples and protein extraction. Human normal colonic

epithelia were obtained from 30 healthy male volunteers aged 25-

65 years old at Xiangya Hospital, Central South University, Hunan,

China. They were divided into two groups according to their ages:

young (age 25-30, 15 volunteers) and old (age 60-65, 15 volunteers)

group. Only the superficial layer of the colonic mucosa was

collected under endoscope to ensure that the tissue samples consist

mostly of epithelium. The tissues were immediately frozen in liquid

nitrogen after excision and flushing out of blood with normal

saline, and then stored at liquid nitrogen until use. Frozen epithelial

tissue (about 30-40 mg) was homogenized in 400 µl lysis buffer

[7 mol/L urea, 2 mol/L thiourea, 2% (v/v) NP-40, 1% (v/v) Triton

X-100, 100 mmol/L DTT, 5 mmol/L PMSF, 4% CHAPS, 0.5

mmol/L EDTA, 40 mmol/L Tris, 2% (v/v) pharmalyte, l mg/ml

DNase I, and 0.25 mg/ml RNase A]. Crude lysates were shaken for

1 h on ice, followed by a 45 min centrifugation at 12,000 g at 4oC.

The supernatant was collected to a fresh tube and stored at −80oC

until use. The concentration of the total proteins was determined

using 2D Quantification Kit (Amersham Biosciences).

Two-dimensional gel electrophoresis. 2-DE was performed as

recommened by the manufacturer (Amersham Biosciences). The

first dimension isoelectric focusing (IEF) electrophoresis was

performed using IPG gel strip (pH 3-10 NL, 24 cm) on IPGphor

(Amersham Biosciences). Samples containing 450 µg proteins

were diluted to 450 µl with rehydration solution [8 mol/L urea, 2%

CHAPS, 20 mM DTT, 0.5% (v/v) pH3-10 IPG buffer, trace

bromophenol blue], and applied to IPG strips by 14 h rehydration at

30 V. Proteins were focused successively for 1 h at 500 V, 1 h at

1,000 V and 8.5 h at 8,000 V to give a total of 69,920 vhrs on an

IPGphor. Focused IPG gel strips were equilibrated for 15 min in a

solution (6 mol/L urea, 2% SDS, 30% glycerol, 50 mmol/L Tris-

HCI, pH 8.8 and 1% DTT), and then for an additional 15 min in the

same solution except that DTT was replaced by 2.5% iodoacetamide.

After equilibration, the second dimensional separation was

performed on 12.5% T, 2.5% C sodium dodecy1 sulfate polyacrylamide

gels with the Ettan DALT system (Amersham Biosciences) according

to the method described by Gorg (Gorg et al., 2000). After SDS-

PAGE, gels were stained with silver nitrate according to the

protocol of Plusone sliver staining kit (Amersham Biosciences).

Molecular masses were determined by running standard protein

markers covering the range of 10-100 kDa and pI values were

calculated as given by the supplier of the immobilized pH gradient

strips (Amersham Biosciences). Each experiment was performed in

triplicate.

Image analysis. 2-DE maps were obtained by scanning the gels

using the Imagescanner. Analysis of the gels was accomplished

using the PDQuest analysis software including background subtraction,

spots detection, volume normalization and the establishment of a

reference gel. Average gels were matched to the reference gel, a

virtual gel which containing all spots detected on any gel, and the

average gels derived from young and old groups were compared.

Intensity of each spot was quantified by calculation of spot volume

after normalization of the image using the total spot volume

normalization method multiplied by the total area of all the spots.

Statistical analysis was carried out with SPSS for Windows 10.01

and Excel. Average gels from fifteen independent experiment were

compared to each other and spots having statistic difference

(p < 0.05) in intensity were selected for further identification by

MALDI-TOF-MS.

In-gel digestion. Differently expressed protein spots between the

two groups were excised manually from stained 2-DE gels,

transferred to a 1.5 ml Eppendorf tube, and rinsed three times with

ultrapure water. The gel-spots were destained in destaining solution

consisting of 100 mmol/L Na2S2O3 and 30 mmol/L K3Fe(CN)6 (v/v,

1 : 1). After dehydrated with Acetonitrile (ACN), the gel pieces

were dried thoroughly in a vacuum centrifuge for 50 min. The dried

gel pieces were reconstituted with 5 µl of 50 mmol/L NH4HCO3

containing 100 µg/mL trypsin (Promega, Madison, WI, USA) and

the proteins were digested for 16 hours at 37oC. Peptides extraction

was performed with 30 µl solution consisting of 50% ACN and 2.5%

trifluoroacetic acid (TFA) and condensed in vacuum centrifuge to

no more than 5 µl of terminal volume.

Protein identification using MALDI-TOF-MS and database

searching. Extracted peptide samples were prepared using α-

cyano-4-hydroxycinnamic acid as the MALDI-TOF -MS matrix.

The matrix solution was saturated in 50% ACN and 0.1% TFA.

The peptide solution (0.5 µl) was applied first to the sample plate

target, then matrix solution (0.5 µl) was added on the plate target

mixed with the peptide solution. After the samples were air-

evaporated, MALDI-TOF-MS was performed on a Voyage-DE

STR MALDI-TOF Mass Spectrometer (ABI). The parameters of

MALDI-TOF were set up as follows: accelerating voltage 20 kV;

grid voltage 64.5%; delay 100 ns; the number of laser shots 50 and

the acquisition mass range 900 Da-3,500 Da. The spectra were

internally calibrated using two peptides arising from trypsin

autoproteolysis ([M + H]+ 842.5100; [M + H]+ 2211.1046). Peptide

mass fingerprintings (PMF) obtained in the positive ion reflector

mode in Monoisotopic peptide masses were searched in the

SWISS-PROT database using Mascot software (http://www.
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matrixscience.com) with the following parameters: taxonomy was

selected as homo sapiens (Human); the mass tolerance was ± 50

ppm; The missed cleavage sites were allowed up to 1; the fixed

modification was selected as carbamidomethylation (cysteine); the

variable modification was selected as oxidation (methionine). The

probability scores calculated by software were used as criterion for

correct identification.

Results

2-DE pattern and differential analysis of human colonic

epithelial tissues from young and old people. Human

colonic epithelial proteins from 15 young healthy male volunteers

(age 25-30 years) and 15 old healthy male volunteers (age 60-

65 years) were respectively solubilized in the IEF-compatible

lysis buffer, and separated on IPGstrips and SDS-PAGE.

Following staining with silver nitrate, the well-resolved and

reproducible 2-D gel maps of colonic epithelial tissues from

young and old people were obtained, which are displayed in

Fig. 1A and 1B. Using PDQuest 2-DE gels analysis software,

approximately 1462 well-stained, clearly-delineated protein

spots were detected, and most spots were distributed in range

from pH 5 to pH 8. Forty-seven spots which showed

remarkable change (p < 0.05) between old and young groups

had been observed, of which 26 spots were up-regulated and

21 spots down-regulated. These differentially expressed protein

spots are illustrated with arrows in Fig. 1A and 1B. Close-up

of the region of the gels showing differentially expressed

protein between human colonic epithelial tissues from young

and old people was shown in Fig. 2.

Proteins identified by MALDI-TOF-MS. Differentially

expressed protein spots were excised from the 2-DE gel, and

analyzed for protein identification by MALDI-TOF-MS. With

MALDI-TOF-MS analysis 42 peptide mass finger prints

(PMF) were successfully obtained. All PMFs were searched

with Mascot software in SWISS-PROT database to identify

the protein spots. The result had high confidence if the protein

was ranked as the best hit with a significant score and high

sequence coverage. Finally, we identified 35 proteins in those

spots, which are shown in Table 1. A representative PMF map

and database query result of protein spot 27 were shown in

Fig. 3, and the query result showed that protein spot 27 was

protein disulfide-isomerase precursor.

Subcellular localization and functional groups of the

identified proteins. The 35 identified proteins of colonic

epithelium have been classified in terms of their subcellular

localization and biological function by information from

SWISS-PROT database. Subcellular location of the detected

proteins is graphically illustrated in Fig. 4A. The majority of

identified proteins fall in the cytoplasm (17%), mitochondrion

(20%), several compartments (23%), ER (11%) and nuclear

(9%), with an approximate 11% determined to be of unknown

location. Only 6% cell membrane associated proteins, 3%

peroxisome protein were identified.

Functional classification of the identified proteins is

graphically illustrated in Fig. 4B. The identified proteins could

be divided into several main groups based on their functions:

proteins related to antioxidation (26%) and signal transduction

(17%), protein involved in apoptosis (9%), chaperone (11%),

protein folding (9%). Other categories involved intermediary

metabolism (9%), transcription & translation (9%), energy

generation (5%) and structural proteins (5%).

Discussion

The aging of the human colon epithelia is a complex process

involving various events and steps. Many studies have been

done at gene level to elucidate the molecular mechanism of

this process, while little is known about the effect of aging on

whole protein expression in colon mucosal epithelium. In the

Fig. 1. (A) Two-dimensional electrophoresis map of 450 µg

proteins extracted from the normal colon epithelial tissue of

young people. (B) Two-dimensional electrophoresis map of

450 µg proteins extracted from the normal colon epithelial tissue

of old people.
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present study, the comparative proteomic analysis of normal

colon epithelial tissues between young and old people was

performed. 35 aging related proteins were identified whose

functions appear to be involved in metabolism, energy generation,

chaperone, antioxidation, signal transduction, protein folding

and apoptosis.

Mitochondrion undertakes several important functions such

as producing ATP, regulating calcium’s dynamic balance and

initiating apoptosis signals etc. It is believed that mitochondrion

plays an important role in the aging process as well as aging

associated diseases. According to free radical theory, first

proposed by Harman (Harman, 1956), reactive oxygen species

(ROS) are capable of damaging biomolecules, including proteins,

sugars, fatty acid and nucleic acids, leading to the dysfunction

or aging of cells and organs. However, the major source of

free radicals and oxidants is the mitochondrial generation of

ATP energy using oxygen. Therefore mitochondrion is also

the primary attacking target of ROS. This partly explained

why mitochondrial proteins account for a major percent in the

identified aging related colon epithelial proteins.

Among the identified aging related mitochondrial proteins,

ATP synthase beta chain, electron transfer flavoprotein alpha-

subunit directly participate in the process of energy production;

Elongation factor Tu promotes the translocation of amino acid

during protein synthesis; Thiosulfate sulfurtransferase forms

iron-sulfur complexes, detoxicates cyanide or modifies sulfur-

containing enzyme. Decrease of their expression levels in

aged colonic epithelium implies the decline of mitochondrial

function with aging. There are evidences support that age-

associated accumulation of mitochondrial deficits is likely to

be a major contributor to cellular, tissue, organismal aging

(Shigenaga et al., 1994). Our data are also in accord with

McCarroll’s study. They found that the expression levels of

many genes which participated in ATP synthesis or mitochondrial

respiration decreased by about 2 times in aged Caenorhabditis

elegans and Drosophila melanogaster (McCarroll et al., 2004).

In cells there also exist enzymes such as Catalase

(Beckman and Ames, 1998), peroxiredoxin (Fujii and Ikeda,

2002) and Glutathione peroxidase 1 (Beckman and Ames,

1998) which are capable of scavenging ROS and protecting

them from oxidative damage. The decrease of expression

level of the above mentioned anti-peroxidases and proteins in

the aged colonic epithelium in the present study suggests the

decline of antioxidant activity plays an important key in the

aging of human colonic epithelium.

During the aging period of cell, a great amount of

extracellular calcium flows into cytoplasmic matrix due to the

membrane leakage. As a result of the binding of Ca2+and

calmodulin, a series of biological effects occur. For instance,

the activation of phospholipase by Ca-CaM will cause the

separation of unsaturated fatty acid which will form hydroxyl

peroxide in the presence of lipoxygenase. The hydroxyl peroxide

and its self-degraded products (such as malondialdehyde and

ethane) can result in the breakdown and leakage of

membrane. And subsequently more and more Ca2+ flows into

cell, which brings a cascade reaction. As a result, the

phospholipid is degraded and cell membrane is broken down.

However Annexin A2 can inhibit such pathway by inhibiting

phospholipase A2 (Huang et al., 1986), which results in the

inhibition of aging. This fact just interprets the phenomena

that Annexin A2 is highly expressed in colon epithelial tissues

of young people.

Heat shock cognate 71 KD protein (HSC 70) not only can

inhibit the apoptosis mediated by JNK (Mosser et al., 1997),

but also can block the pathway of cell apoptosis by inhibiting

of the activities of Caspase 3 and Caspase 9 respectively

(Jaattela et al., 1998), which results in the inhibition of aging

process. Heat shock protein 27, another member of HSP

family, playing as a chaperone in vivo, also can prevent the

cells from aging by inhibition of the programmed cell death

after its combination with the signal molecules of apoptosis

signaling pathway (Garrido et al., 1999). In this study, the

high expressions of Heat shock cognate 71 kDa protein (HSC

70) and HSP 27 in colon epithelial tissues of young people

indicate these two proteins possess the activity of anti-aging.

C-myc gene which is associated with many apoptosis

related proteins is a proto-oncogene with multiple functions.

The continuous expression of C-myc gene will accelerate the

development of apoptosis (Askew et al., 1991). Far upstream

element-binding protein 1, a single-stranded DNA binding

protein of eukaryote, can activate the transcription of C-myc

gene by combining with the single-stranded DNA of far

Fig. 2. Close-up image of partial differential expression of protein spots (5, 8, 36, 40, 45) between young people group and old people

group. The protein expression levels of spots (5, 8) were up-regulated in young people group; the protein expression levels of spots (36,

40, 45) were up-regulated in old people group.
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Fig. 3. A representative MALDI-TOF mass spectrometry map and database query result (spot27). (A) Monoisotopic peaks of MALDI-

TOF MS map. (B) Database query result and scores. (C) Protein sequence and sequence coverage. (D) Matched peptide fragment and

error between experimental mass and theoretical mass.
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upstream element of C-myc gene promoter (He et al., 2000).

Nucleoside diphosphate kinase B (nm23-H2) can promote the

apoptosis as the transcription factor of C-myc gene (Postel et

al., 1993). In this thesis, the high expressions of Far upstream

element-binding protein 1 and nucleoside diphosphate kinase

B (nm23-H2) in colon epithelial tissue of old people suggest

that these two proteins could promote the development of

aging.

Experiments show nucleoskeleton protein is a disulfide

bond rich protein. However, in aging cell the much abundant

disulfide bonds of nucleoskeleton protein play a major role in

the pyknosis of chromatin, because they can cause the further

pyknosis of chromatin in aging cell. In this study, we find

protein disulfide-isomerase precursor which catalyzes the

formation, isomerization, and reduction of disulfide bond

(Freedman et al., 1989) is up-regulatedly expressed in colon

epithelial tissues of old people. So protein disulfide-isomerase

precursor is considered to be one of the proteins associated

with promotion of aging.

In this study, through comparative proteomics analysis of

colonic epithelium between young and old men, 35 aging

related proteins were identified by 2-DE in combination with

MALDI-TOF-MS, the expressional level changes of which

indicate that injury of mitochondrial function, decline of

antioxidant capability and increase of apoptosis are important

reasons for the aging of human colonic epithelium. The results

present here will no doubt provide clues to elucidate the

molecular mechanism of the colon epithelial aging and aging-

related diseases.
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