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The extracellular matrix (ECM) provides an essential struc-
tural framework for cell attachment, proliferation, and dif-
ferentiation, and undergoes progressive changes during
senescence. To investigate changes in protein expression
in the extracellular matrix between young and senescent
fibroblasts, we compared proteomic data (LTQ-FT) with
cDNA microarray results. The peptide counts from the
proteomics analysis were used to evaluate the level of
ECM protein expression by young cells and senescent
cells, and ECM protein expression data were compared
with the microarray data. After completing the comparative
analysis, we grouped the genes into four categories. Class
I included genes with increased expression levels in both
analyses, while class IV contained genes with reduced
expression in both analyses. Class Il and Class Il con-
tained genes with an inconsistent expression pattern. Fi-
nally, we validated the comparative analysis results by
examining the expression level of the specific gene from
each category using Western blot analysis and semi-
quantitative RT-PCR. Our results demonstrate that com-
parative analysis can be used to identify differentially ex-
pressed genes.

INTRODUCTION

Most human cells are capable of only a finite number of cell
divisions before entering a non-dividing state, referred to as
replicative senescence (Hayflick and Moorhead, 1961). In con-
trast to dividing cells, senescent cells display characteristic
phenotypic alterations such as an increase in the expression of
cell cycle inhibitory molecules (Demidenko and Blagosklonny,
2008), a large and flat morphology (Cho et al., 2004), higher
senescence-associated (-galactosidase activity (SA-B-gal)

(Dimri et al., 1995; Kang et al., 2009), accumulation of oxidative
damage (Harman, 1956), hypo-responsiveness to growth fac-
tors (Kim et al., 2010) and apoptotic resistance (Ryu et al.,
2008). In various cellular processes, morphological changes
play an important role in cellular function. However, the mecha-
nisms underlying these morphological changes have not been
determined, even though these morphological changes may
limit the intrinsic functions of the cells. Furthermore, cellular
senescence has been suggested to reduce the risk for neoplas-
tic transformation by preventing cell proliferation (Campisi, 2005).

Recently, however, senescent cells have been proposed to
have an effect on surrounding tissues. Secretion of vascular
endothelial growth factor (VEGF) by senescent fibroblasts at
much higher levels than those seen in presenescent fibroblasts
was demonstrated to stimulate tumor vascularization in aged
mice, facilitating age-associated cancer development (Coppe et
al., 2006). Additionally, other secreted factors (e.g., senes-
cence-associated secretary phenotype, IL-6, IL-8, and MMP3)
from senescent fibroblasts have been shown to induce a pro-
inflammatory state in the cellular environment (Rodier et al.,
2009). An inflammatory microenvironment might affect the de-
velopment of cancer in vivo via an innate immune response
(Ren et al., 2009). In addition, cells can influence their own or
their neighbor's microenvironment through the synthesis and
secretion of a variety of extracellular matrix (ECM) components.
In the early 1980s, Bissell et al. proposed that the ECM con-
tains key signaling molecules that are crucial for normal cellular
function (Bissell et al., 1982). The ECM functions as a critical
source for cell growth, survival, and motility (Bissell et al., 1982;
Fidler, 2002). Furthermore, it has been demonstrated that in
supplemented ECM cultures, healthy breast cells changed
morphologically, whereas cancerous cells formed a tumorous
mass (Petersen et al., 1992).

During aging, changes occur in the ECM, which provides a
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structural framework for cell attachment and determines cellular
morphology. For example, during senescence, the ECM be-
comes less soluble and proteolytically digestible and heat dena-
turation takes longer (Sell and Monnier, 1989). These changes
are thought to result from the formation of age-related intermo-
lecular cross-links. Because senescence is associated with
changes in the ECM, it is important to define these changes to
determine their effects on cell attachment, differentiation, and
phenotype. Although changes in cells that occur as a result of
aging have been investigated by many researchers, few groups
have focused on evaluating changes in ECM components dur-
ing aging (Pagani et al., 1991).

Comparative proteomics is an exciting new research ap-
proach that utilizes mass spectrometry data. Comparative pro-
teomic analysis of primary biological materials would benefit
from uncomplicated experimental work-flows capable of evalu-
ating an unlimited number of samples. In this report, we de-
scribe how we applied label-free proteomics to quantitatively
analyze the cell matrix of young and senescent cells. This type
of research enables genomic and proteomic annotations on a
genomic scale. Several comparative proteomic methods such
as Differential Gel Electrophoresis (DIGE) (Capitanio et al.,
2009), labeling, and label-free methods have been developed.
Numerous independent studies have shown that label-free
approaches that use the inherent quantitative information in LC-
MS/MS data are suitable for quantitative proteomics. In this
study, we applied one of the label-free methods, namely “pep-
tide counting”, to search databases (Wienkoop et al., 2006).
Due to the higher abundance of peptide analysis results ob-
tained with LC-MS/MS, proteins are more likely to be detected
in database searches. Peptides are identified by the frag-
mented ions obtained from the collision cell of a tandem mass
spectrometer, and the amino acid sequences are identified
using database search engines such as MASCOT.

High-throughput screening methods including microarray or
proteomic analysis are commonly used to elucidate global gene
expression profiling; however, the screening results are not
often consistent with conventional analysis results such as
Western blot. To obtain more reliable data, the screening re-
sults from microarray and proteomic analysis can be combined.
In this study, to identify changes in the expression of extracellu-
lar matrix proteins between young and senescent fibroblasts,
we compared proteomic results with microarray results, and
validated our findings for a subset of differentially expressed
genes using Western blot analysis and semi-quantitative PCR.

MATERIALS AND METHODS

Reagents and antibodies

DMEM, FBS, penicillin, and streptomycin were purchased from
Gibco/BRL Life Technologies, Inc. (USA). Monoclonal antibod-
ies against Tropomyosin 3 (TPM3) and Microtubule-actin cross-
linking factor 1 (MACF1) were obtained from Santa Cruz Bio-
technology, Inc. (USA). Fibrillin 2 (FBN2), dynein axonemal
heavy chain 9 (DNAH9) antibodies were purchased from
Chemicon (USA). HRP-conjugated anti-rabbit and anti-mouse
secondary antibodies were acquired from Vector Laboratories
(USA). A protein assay kit was purchased from Bio-Rad Labo-
ratories (USA) and the ECL system and Amersham hyperfilm™
ECL were obtained from GE Healthcare (UK). Protease inhibi-
tor cocktail set | was purchased from Calbiochem (Germany),
the BCA™ Protein Assay Kit was purchased from Pierce (USA),
and the 1 kDa cut-off Centricon filter was obtained from Milli-
pore (USA). NUPAGE® Novex 3-8% Tris-Acetate gels were
obtained from Invitrogen (USA).

Cell culture and ECM protein preparation

Primary human fibroblasts were isolated from newborn fore-
skins as described previously (Boyce and Ham, 1983), and
maintained in Dulbecco’s modified Eagle’s medium containing
10% fetal bovine serum and antibiotics. Intracellular compo-
nents of young cells from the early stage of culture (passaged
less than 9 times) were compared with those of senescent cells
(cells at passage 31 or higher). Senescent cells had an altered
morphology, enhanced B-galactosidase activity, and a reduced
rate of proliferation (Yeo et al., 2000). ECM extracts were pre-
pared from cultured young and senescent human diploid fibro-
blast cells (HDF) as described previously (Pflieger et al., 2006).
In brief, the matrices that remained after removing HDF cells by
trypsinization were scraped off the culture plate and resus-
pended in 10 mM Tris-HCI buffer (pH 7.2) containing 1% Triton
X-100, 10% glycerol, 5% SDS, 100 mM DTT, and 1% protease
inhibitor cocktail set |. Protein concentration was estimated
using the BCA™ Protein Assay Kit. Filtrates were passed through
a 1-kDa cut-off Centricon filter, dried using a speed vacuum
dryer, and stored at -70°C prior to LC-MS analysis.

Senescence-associated B-galactosidase staining
Senescent cells were washed with phosphate-buffered saline
(PBS) and fixed for 35 min at room temperature in 3% formal-
dehyde in PBS. After washing with PBS, cells were incubated
at 37°C with fresh senescence-associated p-galactosidase
staining solution (1 mg/ml 5-bromo-4-chloro-3-indolyl-D-galac-
topyranoside (X-gal), 40 mM citric acid/sodium phosphate, pH
6.0, 5 mM potassium ferrocyanide, 5 mM potassium ferricya-
nide, 150 mM NaCl, 2 mM MgCl,). Sixteen hours later, senes-
cent cells were identified under a light microscope.

Microarray analysis of the ECM

Human twin 8 K cDNA chip (Digital Genomics, Korea) was
used for the transcription profiling analysis. RNA from senes-
cent cells was labeled with Cy5-dUTP by reverse transcription
and RNA from young cells with Cy3-dUTP. Labeled products
were set onto cDNA chips and hybridized at 65°C for 16 h us-
ing a hybridization oven. Following wash, fluorescent images
were quantified and normalized, as described previously (Rhim
et al., 2009).

Proteomic analysis of ECM extracts

Aliquots of 50 pg of protein per group were loaded onto Nu-
PAGE® Novex 3-8% Tris-Acetate gels. After electrophoresis,
gels were fixed in 30% ethanol/7.5% acetic acid for 2 h followed
by staining with CBB R250. Each gel lane was cut into 12
pieces according to band intensity and molecular weight. Gel
pieces were excised with a razor knife and transferred to new
eppendorf tubes. Sliced gel pieces were washed with 10 mM
ammonium bicarbonate (ABC) and 50% acetonitrile and incu-
bated in tryptic digestion buffer containing 50 mM ABC, 5 mM
CaCl,, and 1 mg/ml trypsin at 37°C for 16 h. Peptides were
recovered by two cycles of extraction with 50 mM ABC and
100% acetonitrile. The resulting peptide extracts for each band
were pooled, lyophilized, and stored at -20°C prior to LC-
MS/MS analysis. Lyophilized peptide extracts were dissolved in
0.1% formic acid and analyzed by LC-MS/MS as described
previously (Kim et al., 2005). A microcapillary column (75 pm x
150 mm) packed with Cssg silica resin was used for LC separa-
tion. Eluted peptides were applied to a 7-Tesla Fourier Trans-
form-lon Cyclotron Resonance (FT-ICR) MS (Thermo, USA).
The MS peptides were identified by searching against the hu-
man database of the International Protein Index (IPl) hosted by
the European Bioinformatics Institute (http://www.ebi.ac.uk/IPI)
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using MASCOT program version 2.2 (http://www.matrixscience.
com, Matrixscience, UK). Peptide MS/MS assignments were
filtered according to the following criteria: the peptide tolerance
of the parental ion was set at 50 ppm and the MS/MS tolerance
was set at 0.8 Da. The carbamidomethylation of cysteine (+57
Da) and the oxidation of methionine (+16 Da) were chosen as
variable modifications. In addition, one missed cleavage of a
trypsin was allowed for peptide identification.

Semi-quantitative RT-PCR confirmation

Total RNA was extracted from young and senescent cells using
an acid guanidinium thiocyanate phenol-chloroform extraction-
based method. To compare the relative amounts of mRNA in
young and senescent cells, semi-quantitative reverse transcrip-
tion-polymerase chain reaction (RT-PCR) was performed as
described by Nicoletti and Sassy-Prigent [17]. A series of mix-
tures were prepared by mixing RNA from young and senescent
cells as indicated, so that each mixture had the same total
amount of RNA (2 pg) in a constant volume (12 pl). The RT
reaction was carried out in a final volume of 20 pl using Super-
script Il reverse transcriptase according to the manufacturer’s
protocol, and 4 pl of the final RT product mix was then PCR
amplified. The primer sets used were 5'- CAG TCA GGA GAC
CCT ATT CAC- 3 and 5- CTG ACA TAT CCC CTG ATT
CCC-3 for MACF1, 5-GGC GAG GAC AGC AGG AC-3' and
5-TGA TAT TTG CCC ACT GGA ACA-3 for FBN2, 5'- CCA
GCT GGT TGA AGA AGA GC -3 and 5'- GAG TAC TTC TCC
GCC TGA GC -3 for TPM3, and 5'- AAG AGC CCT AGATTT
TGC AAC CTC -3 and 5- CAC TCA TGA AGA CCC TGA
ACT CTG -3 for DNAH9.

RESULTS
Comparative analysis of young and senescent HDF cells

To analyze the expression of extracellular matrix proteins in
senescent fibroblast cells, we used a combined proteomics and

N
e

Fig. 1. Comparative analysis scheme.
(A) Young cells at passage 9 or lower
and senescent cells at passage 31 or
higher were used. Total RNA was
isolated, converted to cDNA, and
then microarray analyses were per-
formed using a DNA chip (8k human
cDNA). Matrix proteins were pre-
pared as described in “Materials and
Methods”, and proteomic analysis
were performed using LTQ-FT shot-
gun methods. (B) Young cells and
senescent cells were stained for -
gal to detect senescent cells.

Comparative Analysis

cDNA microarray analysis approach, as outlined in Fig. 1A.
Young and senescent fibroblast cells were cultured and the
extracellular matrix proteins were separated by 1D SDS gel
electrophoresis. To analyze all matrix proteins, gel lanes were
divided into fractions, digested with trypsin, and the digested
peptide products were then analyzed using the LTQ-FT shot-
gun method. MASCOT software was used to convert the ex-
perimental MS/MS data into predicted peptides. To analyze
gene expression using microarrays, mRNA was prepared from
young and senescent fibroblast cells and dual 8 k human cDNA
microarrays were used to identify genes differentially expressed
between young and senescent fibroblasts. Proteomic data and
microarray data were filtered and combined using gene sym-
bols, and we then performed comparative analyses.

Human diploid fibroblast cells at passage 31 or higher were
used as senescent fibroblast cells, and HDF cells at passage 9
or lower were used as young control cells. To verify the cellular
senescence of HDF cells, senescence-associated 3-gal stain-
ing was performed; the senescent fibroblast cells showed ele-
vated SA B-gal activity (Fig. 1B).

Proteomic analysis of extracellular matrix proteins

LTQ-FT shotgun proteomic methods were applied to identify
matrix proteins differentially expressed between young and
senescent fibroblast cells. Our in silico analysis with MASCOT
software identified more than 20,000 peptides, corresponding to
up to 1,000 proteins. A scatter plot of peptide counts revealed a
linear correlation between young and senescent cells, as well
as differentially expressed proteins (Fig. 2A) (Fu et al., 2008).
We aligned the peptide counts of each protein based on the
difference in peptide number between senescent cells and
young cells; the converted graph represents the relative protein
abundance in young and senescent cells (Fig. 2B). Finally, we
calculated the relative distribution of each protein as a percent-
age (Fig. 2C). Group 1 proteins (350 proteins) were detected
only in young fibroblasts, while Group 4 proteins (417 proteins)
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Fig. 2. Proteomic analysis of matrix
proteins in young and senescent
cells. (A) The peptide counts of se-
nescent cells were plotted against the
corresponding peptide counts of young
cells. (B) The peptide counts of young
cells and senescent cells were ana-
lyzed based on the difference in
peptide number (AN). (C) The relative
distribution of each protein as a per-
centage is shown.
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were detected only in senescent cells. Group 2 comprised 107
proteins with higher peptide counts in young cells, while Group
3 comprised 208 proteins with higher peptide counts in senes-
cent fibroblasts. Twenty-three proteins had equal peptide
counts in young and senescent cells.

Combined analysis of proteomic and microarray data

Because high-throughput proteomic analysis often results in
biased data due to the limited number of peptide fragments, we
combined the proteomic results with microarray analysis data.
We analyzed gene expression using a human 8 k dual cDNA
microarray and compared this data with peptide counts in a 2D

Fig. 3. Comparative analysis of pro-
teomic and microarray data. (A) The
microarray expression data were plo-
tted against the corresponding pro-
teomic data. (B) Venn diagrams show
the following: i) genes up-regulated in
proteomic analysis versus genes up-
regulated in microarray analysis, ii)
genes down-regulated in proteomic
analysis versus genes down-regula-
ted in microarray analysis.

i} Up-regulated Genes
Proteomics  Microarray

59 55 71

ii) Down-regulated Genes
Proteomics  Microarray

7 63 60

graph (Fig. 3A). We filtered the data by focusing only on genes
detected by both microarray and proteomic analysis. Although
we used experimentally equivalent cell samples, the 2D graph
did not reveal any correlation patterns between the microarray
and proteomic data. We examined the pairwise comparisons
using Venn diagrams. Total 185 genes showed the increased
expression in at least one method, only 55 genes (~30%)
showed the increased expression in both analyses. Only 63 out
194 (~33%) showed the reduced expression in both analyses
(Fig. 3B).

After completing the comparative analysis, we grouped the
genes into four categories. Class | included genes with increa-



Table 1. Genes differentially expressed from young and senescent cells
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Gene

Putative function

Proteomics results

Microarray results

Young? Senescent” Fold change® Fold change
(No. of Pep.) (No. of Pep.) (Log scale) (Log scale)
Class |
CD163 Protein_binding 0 9 417 0.74
CIT Structural_molecular_activity 0 8 4.00 0.95
COL1A1 Structural_molecular_activity 0 3 2.58 0.75
LRRFIP1 DNA_binding 0 4 3.00 0.51
MAP3K11 Protein_binding 0 5 3.32 0.51
MLL2 Protein_binding 0 9 417 0.94
MT1F lon_binding 8 32 1.51 1.12
MYH9 Protein_binding 1 3 1.10 0.87
PRKDC Protein_binding 27 67 0.83 0.66
RYR2 Protein_binding 7 31 1.66 0.52
TPM3 Protein_binding 4 17 1.60 0.9
TYMS Catalytic_activity 0 3.81 1.96
VIL2 Structural_molecular_activity 0 7 3.81 0.9
Class Il
ADAMTS2 lon_binding 0 6 3.58 -0.68
AFP Transporter_activity 0 4 3.00 -0.67
C3 Structural_molecular_activity 4 12 1.10 -0.85
CTGF Protein_binding 0 4 3.00 -1.19
DSP Structural_molecular_activity 4 18 1.68 -1.59
MACF1 Protein_binding 8 46 2.04 -0.59
MLL5 Protein_binding 0 5 3.32 -0.59
NDN Protein_binding 0 4 3.00 -0.50
VAT1 lon_binding 2 1.32 -0.31
Class Il
ANXA2 Protein_binding 23 16 -1.01 0.91
DDX21 Protein_binding 4 0 -3.49 0.93
FBN2 Structural_molecular_activity 91 66 -0.95 0.97
HSPA8 Protein_binding 7 0 -4.29 0.80
HSPD1 Protein_binding 3 0 -3.07 0.77
MTMR4 lon_binding 7 0 -4.29 1.23
PCDHA9 Protein_binding 3 0 -3.07 0.62
TUBB Structural_molecular_activity 3 0 -3.07 1.04
Class IV
DNAH9 Motor_activity 25 8 -2.13 -0.78
GOLGA4 Protein_binding 3 0 -3.07 -0.52
LRMP NA 4 3 -0.90 -0.66
TNC Protein_binding 5 0 -3.81 -1.35
TNFAIP3 Protein_binding 4 0 -3.49 -0.64

°Fold change is Logz (Dnomalized/@normaiized), When the protein is not identified in either cell line, the peptide count, 0.5 applied.

sed expression levels in both analyses, while class IV con-
tained genes with reduced expression in both analyses. Class Il
and Class Il contained genes with an inconsistent expression
pattern; Class Il consisted of genes with higher proteomic

counts, while Class Ill contained genes with higher expression
levels in microarray analysis. Among these, we selected genes
whose expression was markedly different between senescent
and young fibroblasts for further analyses (Table 1).
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Validation of the comparative analysis results
High-throughput analyses may result in biased data, and incon-
sistent results are often obtained when different methods are
used. Therefore, it is absolutely essential to validate the data
with specific methods such as quantitative RT-PCR or Western
blot. Because we used different analysis methods to measure
gene expression, we wanted to validate our screening results
with the conventional methods such as RT-PCR and Western
blots. We selected one gene from each of the four classes of
genes for validation by semi-quantitative RT-PCR and Western
blot. Four genes were selected based on the peptide counts (a
large number) in the proteomic analysis and the availability of
commercial antibodies. TPM3 is an example of a Class | gene
(Pieples and Wieczorek, 2000). mRNA levels of TPM3 were
elevated in senescent cells, while protein levels of TPM3 were
also increased. MACF1 is an example of a class Il gene
(Bernier et al., 2000), and the semi-quantitative PCR and
Western blot results were consistent with the designation of this
gene as a class |l gene based on the proteomic and microarray
analyses. DNAH9 was selected as a representative class IV
gene (Yoshisue and Hasegawa, 2004), and its expression was
decreased in both RT-PCR and Western blot experiments,
indicating that the screening results for this gene were correct.
FBN2 was selected as the class Il gene for validation (Chen et
al., 2005). We expected that that the mRNA expression of
FBN2 would be elevated in senescent cells; however RT-PCR
revealed that FBN2 mRNA expression was actually reduced in
senescent cells.

DISCUSSION

Cells influence their microenvironment through the synthesis
and secretion of a variety of autocrine, paracrine, and endo-
crine factors as well as ECM components. Cell-to-matrix inter-
actions are involved in homeostatic regulation of normal tissues,
and may be dysregulated in age-related diseases. During aging
and degeneration, the ability of cells to synthesize the correct
matrix components appears to be compromised (Zhao et al.,

Class Il ' ~ o — FBN2

— — — actin

12 Fig. 4. Validation of comparative
analysis results by Western blot and
reverse transcription (RT)-PCR. (A)
Expression of TPM3, a representa-
tive class | gene, was examined by
Western blot analysis with an anti-
TPM3 antibody (upper panel) and
RT-PCR analysis (bottom panel).
The density of the TPM3 band was
quantitated and plotted on a bar
graph. (B-D) Expression of MACF1
(class Il gene), FBN2 (class Ill gene),
and DNAH9 (class IV gene) were
examined as described above. (E) B-
actin protein was used as a loading
control for Western blots and GAPDH
was used as a normalization control
for semi-quantitative PCR.

Relative intensiy
Qo o
? > T

o o
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o
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2007). The proportion of ECM components, especially cross-
linked collagen fibers (Verzar, 1964), fibronectin (Colige et al.,
1992), and laminin (Fodil-Bourahla et al., 1999), increases with
age (Labat-Robert, 2004; Labat-Robert and Robert, 2007).
However, quantitative and qualitative alterations of ECM com-
ponents and their influence on cellular fate during aging have
not been examined in detail. Aging-related changes in the ECM
could involve age-dependent modification of ECM production,
matrix components, and consequent alterations in cell-to-matrix
interactions.

High-throughput screening systems including microarray or
proteomic analysis are commonly used to elucidate global cell
signaling networks; however, the results from these analyses
are not often consistent with conventional analysis results. To
obtain more robust data, we combined screening results from
LTQ-FT proteomic analysis and cDNA microarray analysis. We
compared the data obtained from these tools, and grouped
genes into four classes based on the nature of their differential
expression in young and senescent cells. To validate our re-
sults, we selected representative genes and examined their
expression levels using RT-PCR and Western blot analyses.
Expression patterns of three of the four genes were consistent
with the screening results; however FBN2, a class lll gene,
showed an expression pattern inconsistent with the microarray
result.

TPMS is identified as one of the up-regulated genes during
senescence by both mRNA and protein analysis. TPM3 gene
encodes human tropomyosin isoforms, which localize in the
lamella or stress fibers (Lin et al., 1988; 2008). One characteris-
tic feature of senescent cells is flat and enlarged cell shapes,
and the senescent cells may require large amount of cytoskele-
ton proteins (Nishio et al., 2001). For this reason, the level of
TPM3 appears to be up-regulated to contribute to the senes-
cent cell phenotype. DNAH9 expression is down-regulated
during senescence. DNAH9 encodes dynein axonemal heavy
chain 9, one subunit of dynein multiprotein complex, and dynein
is involved in the cytoplasmic movement of chromosome and
organelle and bending of cilia/flagella (Bartoloni et al., 2001).
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Because another subunit of dynein complex, dynein cytoplas-
mic heavy polypeptide 1 (DNCH1) is also repressed during
senescence (Chen et al., 2004), it appears that the dynein
component expressions are generally down-regulated in the
senescent cells due to the lack of cytoplasmic movement.

Microarray analyses provide information about the levels of
mRNA transcripts, whereas proteomics tools provide peptide
mass fragment counts. mRNA expression patterns are often
divergent from protein expression patterns because of post-
transcriptional or post-translational regulation. For example, if a
protein is a target of ubiquitination, that protein will be rapidly
degraded despite a higher mRNA abundance. Likewise, low
levels of stable MRNA can translate to higher protein expres-
sion, as is often seen for housekeeping genes. When we ana-
lyzed gene expression patterns in young and senescent fibro-
blasts using both microarray and proteomic analysis, we de-
tected only a few genes that were common to both assays.
These results indicate a discrepancy between protein levels
and mRNA levels. Nevertheless, we argue that our results indi-
cate that combining proteomic data with microarray data can
provide more dependable screening data for the identification of
differentially expressed genes.
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