
Abstract. The human osteosarcoma U2OS cell line is one of the
first generated cell lines and is used in various areas of biomedical
research. Knowledge of its protein expression is limited and no
comprehensive study on the proteome of this cell line has been
reported to date. Proteomics technology was used in order to
analyse the proteins of the U2OS cell line. Total protein extracts
were separated by two-dimensional gel electrophoresis (2-DE) and
analysed by matrix-assisted laser desorption ionisation-mass
spectrometry (MALDI-MS) and MALDI-MS-MS following in-gel
digestion with trypsin and, finally, protein identification was carried
out by peptide mass fingerprint (PMF) and post source decay
(PSD), respectively. Approximately 3,000 spots were excised from
two 2-DE gels and were analysed, resulting in the identification of
237 different gene products. The majority of the identified proteins
were enzymes, regulatory proteins and RNA-associated proteins,
while leukocyte markers and oncogenes were also present. Our
findings include 11 protooncogenes (FKBP4, SRC8, PSD10,
FUBP1, PARK7, NPM, PDIA1, OXRP, SET, TCTP and GRP75)
related to the cancerous state of the U2OS cell line. The U2OS 2-
DE database provides the basis for future protein studies.

Human osteosarcoma is a primary malignant tumor of the
bone affecting children and young adults (age 15-29 years),
as well as adults in later life (age >60 years). It is the 6th
most common type of cancer in children and appears during

the second decade of life in the adolescent growth period,
with a high incidence in teenage boys who are experiencing
growth spurts. The cause of osteosarcoma is unknown;
however irradiation, genetic influences and rapid bone
growth are considered to be related to its development.
In order to further understand the molecular basis of this

disease, we applied proteomics technology to the human
osteosarcoma U2OS cell line. Proteomics technologies are
powerful analytical tools and, in combination with other
high throughput screening techniques, are widely used for
the analysis of biological specimens. Protein analysis by two-
dimensional gel electrophoresis (2-DE) coupled to mass
spectrometry nowadays comprises the standard approach
for the construction of comprehensive protein databases (1).
Protein identification is greatly enhanced and improved by
robotic systems and automated mass spectra acquisition
devices, which allow thorough analysis of biological
specimens such as cell lines.
Proteome databases are primarily used to illuminate

normal and disease states, and the information acquired can
be used in diagnosis and treatment, and in biomarker
discovery (2). Cancer cell lines are generally used for
proteomic analysis since they exhibit equivalent changes to
the tissue they derive from. Hence the screening of the
proteome of some cancer cell lines has been performed, e.g.
human immature T-cell line CCRF-CEM, HeLa cell line
and osteosarcoma Saos2 cell line (3-5).
The human osteosarcoma U2OS cell line was derived in

1964 from a moderately differentiated sarcoma of the tibia of
a 15-year-old girl. It is one of the first generated cell lines and
is used very frequently. Spectral karyotyping analysis and
cytogenetic analysis has revealed chromosomal instability,
structural rearrangements and alterations and high incidence
of aneuploidy (6). Spectral analysis indicated the near-triploidy
state of U2OS cells which appeared to be a combination
of tetraploidization and chromosomal losses. Other
rearrangements mainly involved chromosomes 20 and 8, from
simple translocations to highly complex rearrangements, but
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also to a less extent chromosome 17. Most of the centromeric
breakpoints occurred in chromosomes 6, 13 and 17, but at least
four in chromosomes 2, 4, 5, 8, 19 and 21.
Two tumor suppressive genes, p53 and pRb, are

functional in U2OS cells, whereas in other, more aggressive,
osteosarcoma cell lines such as Saos2 these genes are
mutated (7-9). Analysis of other oncogenes and tumor
suppressor genes signalized 5 times amplification of c-myc
with no apparent serum stimulations; additionally c-fos had
no visible alterations. Compared with other osteosarcoma
cell lines, U2OS cells have the lowest level of chromosomal
numerical variations and only 2% of the cells have
multipolar mitoses, similar to normal control fibroblasts,
probably due to functional p53 and pRb (9).
The U2OS cell line is widely used in biomedical research

such as biochemistry, molecular biology, bone formation,
arthritis (10-14). In this study, the proteome profile of U2OS
cells was constructed, consisting of 237 single gene products.

Materials and Methods

Materials and reagents. Immobilized pH-gradient (IPG) strips and
IPG buffers were purchased from Biorad Laboratories (Hercules,
CA, USA). Acrylamide/piperazine-di-acrylamide (PDA) solution
(37.5:1, w/v) was purchased from Biosolve Ltd. (Valkenswaard, the
Netherlands) and the other reagents for the polyacrylamide gel
preparation from BioRad. CHAPS was obtained from Roche
Diagnostics (Mannheim, Germany), urea from AppliChem
(Darmstadt, Germany), thiourea from Fluka (Buchs, Switzerland),
1,4-dithioerythritol (DTE) and EDTA from Merck (Darmstadt,
Germany). Except for CHAPS, which was kept at 23˚C, the other
reagents were kept at 4˚C.

Cell cultures. Cells were grown in Dulbecco’s modified Eagle’s
medium (DMEM; Biochrome, Berlin, Germany) supplemented
with 10% fetal calf serum (FCS) (Biochrome), at 37˚C in a
humidified atmosphere supplemented with 5% CO2.

Two-dimensional gel electrophoresis. U2OS cells (40x106) were
washed with normal saline and resuspended in 0.5 ml of urea
buffer, consisting of 20 mM Tris, 7 M urea, 2M thiourea, 4%
CHAPS, 10 mM 1,4-dithioerythritol, 1 mM EDTA and a mixture
of protease inhibitors [1 mM PhenylMethaneSulphonylFluoride
(PMSF) and 1 tablet Complete™ (Roche Diagnostics, Basel, Swiss)
per 50 ml of suspension buffer] and phosphate inhibitors (0.2 mM
Na2VO3 and 1 mM NaF). The cells were lysed by sonication at
3x60 s in 35% amplification and the suspension was centrifuged at
13000xg for 30 min at 4˚C. The protein content of the supernatant
was determined using the EXPERION Automated Electrophoresis
Station (BioRad) in combination with Protein 260 Analysis
Kit™(Biorad) according to the manufacturer’s instructions.
2D-Gel electrophoresis was performed as reported elsewhere

(4). Total protein (1 mg) was applied to immobilized pH 3-10 non-
linear gradient strips in sample cups at their acidic and basic ends.
Focusing started at 250 V for 30 min and the voltage was gradually
increased to 8000 V at 3 V/min and remained constant for a further
22 h. The second-dimensional separation was performed in 12%

SDS-polyacrylamide gels (180x200x1.5 mm), running at 40 mA per
gel in a PROTEAN apparatus (Biorad). After fixation with 50%
methanol, containing 10% acetic acid for at least 2 h, the gels were
stained overnight with colloidal Coomassie blue (Novex, San
Diego, CA, USA), washed twice with water and scanned in a
densitometer (GS-800 Calibrated Densitometer; Biorad).

Peptide mass fingerprint (PMF) and post source decay (PSD). Peptide
analysis and protein identification were performed as described
elsewhere (15). Spots were automatically detected by Melanie 4.02
(GeneBio, Geneve Bioinformatics S.A., Geneva, Swiss) software on
the Coomassie blue-stained gel, excised by the Proteiner SPII (Bruker
Daltonics, Bremen, Germany), destained with 30% acetonitrile in 50
mM ammonium bicarbonate and dried in a speed vacuum
concentrator (MaxiDry Plus; Heto, Allered, Denmark). Each dried
gel piece was rehydrated with 5 Ìl of 1 mM ammonium bicarbonate
containing 50 ng trypsin (Roche Diagnostics) and left in the dark
overnight at room temperature. Twenty Ìl of 50% acetonitrile,
containing 0.3% trifluoroacetic acid were added to each gel piece and
incubated for 15 min with constant shaking. The resulting peptide
mixture (1.5 Ìl) was simultaneously applied with 1 Ìl of matrix
solution, consisting of 0.025% ·-cyano-4-hydroxycinnamic acid
(Sigma-Aldrich, USA), standard peptides des-Arg-bradykinin,
(904.4681 Da; Sigma-Aldrich, USA) and adrenocorticotropic
hormone fragment 18-39, (2465.1989 Da; Sigma-Aldrich, USA) in
65% ethanol, 35% acetonitrile and 0.03% trifluoroacetic acid.
Samples were analyzed for PMF with matrix-assisted laser
desorption-mass spectrometry (MALDI-MS) in a time-of-flight mass
spectrometer (Ultraflex II, Bruker Daltonics, Bremen, Germany).
Matching peptide and protein searches were performed
automatically, as described by Berndt et al. (15). Each spectrum was
interpreted by the Mascot Software (Matrix Sciences Ltd., London,
UK). For peptide identification, the monoisotopic masses were used
and a mass tolerance of 0.0025% (25 ppm) was allowed. Unmatched
peptides, or peptides with up to one miscleavage site were not
considered. The peptide masses were compared with the theoretical
peptide masses of all available proteins from all species using SWISS-
PROT (ftp://ftp.expasy.org/ databases/uniprot/knowledgebase), IPI
(ftp://ftp.ebi.ac.uk/pub/databases/IPI/current/), and MSDB (ftp://
ftp.ebi.ac.uk/pub/databases/MassSpecDB) databases which are
updated bimonthly. The probability score identified by the software
was used as the criterion of the identification. Samples not identified
by PMF (probability significance of p<0.05) were automatically
selected for post-source decay (PSD) MS-MS analysis or MALDI-
MS-MS. The peptide masses chosen for PSD-MS-MS analysis had a
signal intensity of >600 counts and were excluded from the trypsin
autodigest, matrix and keratin peaks. The resulting PSD spectra were
also interpreted by the Mascot Software and Mascot probability-
based scores of p<0.02 were considered significant. The identified
proteins were annotated on the gel image by hand.

Results

2-DE database. The protein extract from the osteosarcoma
U2OS cell line was separated by 2-DE electrophoresis on IPG
strips and the spots were visualized with colloidal Coomassie
blue staining. In Figure 1, a representative example is shown
of the proteins present in U2OS cells as separated on a pH 3-
10 NL gel. Four pH 3-10 NL IPG gels were analyzed and
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approximately 2,500 spots were detected using the Melanie
4.02 software. Those spots were excised from the pH 3-10 gel
and analyzed for protein identification following in-gel
digestion with trypsin. Each spot was analyzed for PMF with
MALDI-MS in a time-of-flight mass spectrometer and

proteins were identified automatically by the peptide mass
matching. Proteins not identified by PMF were subsequently
selected for PSD-MS-MS and analyzed with MALDI-MS-MS.
Using an internal peptide standard to correct the measured
peptide masses, we were able to use very narrow windows of
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Figure 1. Two-dimensional gel analysis of total protein extract from U2OS cells. Proteins were extracted and separated on IPG strip pH 3-10 non-linearly,
followed by a 12% SDS-polyacrylamide gel. The gel was stained with Coomassie blue.



mass tolerance (0.0025%) and hence, increase the confidence
of identification, as well as the total identification rate up to
85%. This resulted in the identification of 237 different gene
products which are annotated on the gel shown in Figure 2.
The SWISS-PROT accession numbers, the abbreviated

and full names of the proteins, the theoretical MW as well as
data from the mass spectrometry analysis, i.e. the numbers of
matching peptides and the probability that the identification
is random, are listed in Table I. Furthermore, information on
the subcellular localization and function of these proteins as
given in publicly accessible databases are shown.

From the 2,500 spots analyzed 673 spots were identified
resulting in 237 different gene products. Thus the most
abundant proteins present in U2OS cells were 62 members of
the heat shock protein family, 34 members of the actin family,
19 members of the lamin family, 18 members of the tubulin
family and 16 members of the annexin family of proteins.

Subcellular localization. For 5% of the identified proteins,
no data were found regarding their subcellular localization.
Most of the proteins are cytoplasmic (37%), nuclear (27%),
mitochondrial (12%) and endoplasmic reticular (8%).

CANCERGENOMICS & PROTEOMICS 5: 63-78 (2008)

66

Figure 2. Identification of protein spots present in the gel of Figure 1, analyzed by PMF and/or PSD-MS-MS. The identified proteins are annotated by
their abbreviated names and are listed in Table I.



Cytoskeletal proteins constitute 5% of the proteome and
3% are membranic proteins. The subcellular localization is
also presented in Figure 3.

Function. As expected, most of the proteins are enzymes
(25%), regulatory (13%) and RNA associated proteins
(12%) as seen in Figure 4. There are chaperone/stress
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Figure 3. Subcellular localization of the human osteosarcoma U2OS cell line proteins. The proteins in Table I were categorized according to their
localization in the cells.

Figure 4. Classification of the proteins present in U2OS cells into functional groups. Protein molecules and their function are given in Table I.
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proteins, structural proteins, such as tubulins and actins, and
other major classes of identified proteins, such as
transcription factors, transport/carrier and signal
transduction. In addition, we found a number of
protooncogenes and antioncogenes, representing 3% and
1%, respectively of the total proteome.

Discussion

For the comprehensive analysis of the U2OS
osteosarcoma cell line we decided to apply proteomics
technology as it provides an insight into the relationships
between genes, their products and cell function (16).
Analytical methods used for proteomic research result
most commonly in inclusive databases such as 2-DE
maps. Genome sequence databases, complete catalogues
of proteins expressed in organisms, mass spectrometry
and software that match MS data with protein sequences
databases helped us to successfully complete the
construction of the protein database of the osteosarcoma
U2OS cell line.
We identified 237 different gene products with several

functions including regulatory, signal transduction,
protooncogenes and antioncogenes, chaperone/stress and
nucleic acid-binding proteins. The use of internal peptide
standards allowed narrow windows of mass tolerance
(0.0025%), increasing the confidence of identification by
PMF and PSD mode of mass spectrometry. Thus the
identification was based on three or more (up to 69)
matching peptides. Most of them were localized in the
cytoplasm, nucleus, mitochondria and some in the
membrane.
Eleven protooncogenes were identified among them,

TCTP, SRC8, FUBP1, NPM, PARK7, SET, FKBP4 and
OXRP. The SRC8 (EMS1) protooncogene encodes a
human homologue of cortactin, a c-Src substrate
associated with cortical cytoskeleton (Q14247). This
protein binds components of the actin-related protein
(Arp) 2/3 complex which regulates the assembly and
structure of actin networks. Cortactin also interacts with a
variety of proteins depending on the cell type. The gene
encoding SRC8, named as EMS1, is very often
overexpressed and amplified in many tumors.
Dysregulation may lead to increased tumor cell motility
and invasiveness (17, 18). FUBP1, a far upstream element
binding protein1 (Q96AE4), complexes with FUSE and
inhibits c-myc expression which is also involved in cell
growth, proliferation, differentiation and apoptosis (19).
The location of the FUBP1 gene is in chromosome 1
p31.1, which is very often amplified in osteosarcomas (20).
In addition, in this amplified chromosome area, (1p36.33-
p36.12) is located protooncogene PARK7 (DJ-1). DJ-1
protein was shown (21) to be a potent inhibitor of the

Daxx/ASK1 cell death signaling pathway, thus protecting
cells from oxidative stress, and functions as a survival
factor, hence promoting tumor growth.
Another protooncogene identified is nucleophosmin

(NPM, P06748), which is present in actively proliferating
cells including tumor cells. NPM is a multifunctional
protein involved in ribosome assembly, pre-ribosomal RNA
processing, DNA duplication, nucleocytoplasmic protein
trafficking and centrosome duplication (22). It is induced
by genotoxic stress and stabilizes certain conformers of p53,
binds pRb and synergistically stimulates DNA polymerase
· (23). In addition, NPM protects cells from death and
stress-induced apoptosis through inhibition of p53 (24, 25).
TCTP is a ubiquitously expressed protein and is regulated
both at the transcriptional and translational level. Thus
TCTP protein cellular levels are highly regulated in
response to numerous extracellular signals and cellular
conditions. TCTP is believed to play an important role in
cell growth and division as it is considerably up-regulated
upon entry of cells into the cell cycle. Therefore, TCTP
down-regulation was associated with reversion of
transformed cells to a normal phenotype and suppression
of malignant transformation (26). This strongly suggests an
implication of TCTP in the malignant phenotype and tumor
growth. This is strongly supported by the fact that TCTP is
stabilized by the anti-apoptotic protein MCL1 and by a
correlation of its level with drug resistance in melanoma
cells (26).
A comparison of the U2OS proteome with that of Saos2

(5) revealed some differences despite the same origin of
the two cancer cell lines. Concerning the whole proteome,
141 proteins were identical, while 304 proteins were
different. Nevertheless both cancer cell lines have great
similarities regarding the protooncogenes; they share 7 of
the same protooncogenes; while 3 are exclusive to Saos2
and 4 to U2OS. Additionally, there were some differences
in the presence of antioncogenes as 6 exist in U2OS and 9
in Saos2; five of these were identical. Consequently, in
spite of similarities and the osteogenic origin of these two
cell lines there were many differences concerning the
proteome, which reflects the differences of the genome
and character of the two types of cancer: Saos2 is more
aggressive than U2OS.
Eleven proteins with unknown/unspecified subcellular

function and/or localization were also identified. One was a
hypothetical protein (Q5HYB6) with an interest for further
investigation.
Summarizing, in the present study, we created the 2-DE

database for the human osteosarcoma U2OS cell line. The
237 different gene products were identified using MALDI-
MS and MALDI-MS-MS analysis of approximately 3,000
spots out of four 2-DE gels. This 2-DE database creates a
useful tool in the study of molecular carcinogenesis.
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