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Abstract: Cultured primary (mortal) cells are frequently used as model systems for biological studies and are
extremely useful as animal surrogates. However, very little has been done to account for the large variations
observed in biological activities measured from the same cell lines in different laboratories. At varying time
points during in vitro culture, down-regulation/up-regulation or loss of protein function were found to either
directly or indirectly affect cell division. To the best of our knowledge, no systematic proteomic analysis of
primary cell cultures has so far been undertaken. Proteomic analysis of primary cell cultures of glioblastoma
for early passage (after ~5 passages) and late passage (after ~20-25 passages) resulted in the identification of
21 differentially expressed proteins. Among these, 12 were upregulated, 8 were downregulated and 1 protein
was found to be absent in late passage cultures as compare to in early passage cultures. These identified proteins
were determined to be involved in a various biological functions such as cell growth and/or maintenance,
protein metabolism, metabolism and energy pathways, signal transduction and cell communication, in addition
to some proteins with unknown functions. However, further studies are necessary in order to understand the
simultaneous changes occurring at functional levels during post plating of primary cell cultures. 
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INTRODUCTION

Normal human diploid cells undergo a limited
number  of  cell  divisions  in  vitro  and  in vivo due to
the control and limited life span of the cells and
eventually  they   enter   into   a   non-dividing   state
called  senescence.  It  has  been  concluded  that the
number  of  divisions  before senescence is directly
related  to  the in vivo life span of different species.
During  serial  sub-cultivations,  the cells undergo
multiple changes such as the increase in size and
heterogeneity, the reduction in replicative efficiency at
low seeding densities, abnormal structures in the
cytoplasm, changes in metabolism, continuous loss of
methyl groups and reiterated sequences from DNA and
constant decline in the growth rate due to progressive
telomere shortening[1]. 

Primary cell cultures undergo a limited number of
cell divisions in vitro before entering a state of
irreversible growth arrest. In contrast, malignant cells lack
this limitation in cell division, either due to the
subsequent activation of telomerase or to alternative
mechanisms for maintenance of the telomere length.
However, an explanted cell culture, i.e. a primary cell
culture, from surgically removed tumors contains varying

types of cells, including normal ones (such as blood cells,
epithelial cells, endothelial cells, fibroblasts etc.) as well
as tumour cells. These explanted primary cell cultures
grow for ~50-70 subsequent passages until they reach the
state of senescence[2]. 

Research shows that many of the results obtained
with animal cells are not transferable to human systems
due to the high diversity in biochemical characteristics
amongst different species. It is thus essential to study
human primary cultures in order to understand the
behavior of human cells. Currently, much effort is put in
studying and understanding both normal and pathological
human cell cultures[3].

Very little is known of the genomic and proteomic
changes that occur in the cells obtained from sequential
passages of primary cell cultures. To the best of our
knowledge, no attempts have been made to compare
changes at the proteomic (functional) level that occur
during the subsequent in vitro culturing. In order to
understand the tumorigenic nature of the cells, the
comprehension of these changes, i.e. the primary explant
cell cultures going from the functional level to their
senescence state, is crucial and it is also essential to
establish the difference between the mRNA level as
opposed to the proteomic level.
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The application of proteomic technologies to clinical
problems is a relatively new concept, but preliminary
studies[4-6] have shown that human cell proteomics is an
interesting approach in order to comprehend the dynamics
and progression stages in a disease condition. Often, a
disease such as cancer results in differences in the
expression levels of certain proteins. The identification of
such changes in protein expression provides opportunities
for understanding the disease process, earlier diagnosis
and more accurate classification of the disease.
Subsequently, this may result in physicians being able to
more effectively choose the best pharmacological
treatment. The fundamental reason why this approach has
not attracted the attention of researchers is due to human
proteomics being extremely challenging, seeing as 90% of
the proteins are subject to a variety of further
modifications, often playing an important role in the
control of their activities.

Our literature survey has shown us that no work has
been done regarding the difference in Protein expression
in glioblastoma cell culture. The aim of the present work
was to obtain a more global view of the protein
expression patterns as well as the differences within them
when comparing early and late passages of primary
glioblastoma cell cultures from in vitro culturing.

MATERIALS AND METHODS

Cell Culture: Primary cell cultures were grown in Nunc
Flasks using DMEM (Supplemented with 10% heat
inactivated FBS) and IMDM (supplemented with 20%
heat  inactivated  FBS,  1%   Sodium   pyruvate,   1%
Non-essential amino acids, 0.5% Gentamycin and 1% of
7 µl mercaptoethanol plus 10ml PBS mixture) media
respectively maintained at 37 o C and 5% CO2. Cells with
~80% confluent having the monolayer were washed by
0.5X PBS (Phosphate Buffer Saline) to get rid of the
remaining media and were serially passages by trypsin
disaggregation. Cells were counted using ‘Burker’ method
by tryphan blue staining and the pellets were collected by
centrifugation at 200g for 5 min. The cell pellets from
only early (after ~5 passages) and late (after ~20-25
passages) passages and were directly frozen down at
-80oC.

Sample Preparation: The frozen cell pellets were
directly suspended in lysis buffer (8M Urea, 4%CHAPS,
40mM Tris-HCl, pH 7.5), lysed using 2-3 cycles of
freeze-thaw lysis  method  followed by 1 h incubation on
shaking (with vortex in between) and then lysed by
sonication for 2 sec (0.5 Sec pulse and a gap of 0.5 sec)
on ice. The supernatants were collected by centrifugation
at 15000g for  30  Min.  The whole sample preparation
was done at 4oC. Samples were purified by spin dialysis
method using spin columns (Pierce, Rockford, IL, USA)
to remove the salts from the sample. The whole
purification process was done on ice. The protein content
of the samples were determined using modified Lowry
Reagent method according to protocol provided by total

protein kit (Sigma-Aldrich, Saint Louis, Missouri, USA)
and concentrations were measured at 650 nm absorbance
using Soft Max Pro software. The standard curve was
generated using Bovine Serum Albumin.

First Dimension separation: Sample volume equal to
100-µg protein for each sample was added to the
Rehydration buffer (8M Urea, 2% CHAPS, 18.15 mM
DTT, 0.5% IPG buffer) to a final volume equal to 250µl.
The samples were vortexed briefly and centrifuged at
13000 rpm for 10 min fallowed by incubation for 20 min
at room temperature to get more solubilization. Samples
together with rehydration buffer were applied on
immobiline dry strip (IPG) gels (13 cm, pH 3-10 linear
gradient from Amersham Bioscience, Uppsala, Sweden)
for strips rehydration via pippetting into slots of
reswelling tray. Strips placed into these slots facing gel
side down without trapping any air bubbles under the
strip. Strips were overlaid by DryStrip Cover Fluid and
the reswelling tray was covered with a lid and allowed to
rehydrate the strips overnight (12h). After rehydration, the
strips were transferred into ceramic manifold channels by
placing gel side up. Anode and cathode sides of the strips
were overlaid by wet rectangular electrode wicks to
absorb excess water, salts and proteins with pIs of outside
pH range. Strips were overlaid with 6ml of Dry Strip
Cover Fluid including empty channels. Electrode
assembly was placed on both ends of the electrode so that
the electrode teeth touches electrode wicks of the strips to
provide electrical contact to the IPG strips. First
Dimension separation of IEF based on pI of proteins was
carried out using IPGphor (Amersham Pharmacia
Biotech) at 20 oC in 4 steps of protocol as fallows: 500V
for 1 hr, 4000V for 2 h, 8000V for 4 h and finally 8000V
for 3 h, totally 20500 V for 10 h.

Second Dimension Separation: (2D-Gel): Following
first Dimension separation the strips were equilibrated for
20  min  in the buffer containing 75 mM Tris (pH 8.8),
6M urea, 30% glycerol, 2% SDS, 6.48 mM DTT and
0.002 % bromophenol blue. They were further
equilibrated for another 20 min in the same buffer
containing 2.5 % of iodoacetamide instead of DTT. The
strips were blotted on Whatman filter paper before and
after each equilibration step to remove the excess fluid on
strips. After equilibration step the strips were dipped in
running buffer and loaded on to vertical SDS-PAGE slab
gels of 18x16 cm size containing 12% acrylamide and
0.8% bisacrylamide and 10% SDS. Second dimension
was carried out using Hoefer SE 600 from Amarsham
Pharmacia Biotech. The strips were sealed by agarose
sealing solution containing bromophenal blue dye for
tracking protein separation. The gels were run at 20oC
with 10 mA per gel (total 40mA) for 15 min to see
whether the tracking dyes move down the gel. Then the
current was increased to 25 mA per gel (total 100 mA) at
~250V and stopped when tracking dye reached 1cm above
the bottom of gel (Total run time was 3 h). Soon after the
second  dimension  separation,  the  gels  were washed by
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MQ water and fixed for 12 h in fixation solution (30%
Ethanol and 10% Acetic Acid) on rocking shaker. After
fixation the gels were washed two times with MQ water
and  stained  with SYPRO RUBY (25 ul Ruthenium in
500 ml water) for 6 h on a rocking shaker. Then gels were
washed with MQ water for 4 times and images were
acquired using Typhoon scanner at 600 PMT and blue
488 laser.

Image analysis: 2D images of early and late passages
from glioblastoma cell lines were obtained in duplicates
to differentiate the technical variations in protein
expressions. Images were analysed using ImageMaster-
Melanie software version 5.0 from Amersham Bioscience

Images were cropped in equal size using Region Tool
in ImageMaster to remove the gel artifacts at borders for
better matching. Spots were detected for four images at
auto detection parameters as Smooth-6, Area-25,
Saliency-17.50 and few manual spot editing was carried
out for four images and glioblastoma early 2 was selected
as reference gel for matching and the other 3 gels were
auto matched against glioblastoma early 2. Gel auto
match fallowed by setting 11 landmarks manually for 4
Gels and re auto matched all gels for better matching of
spots to yield information about differentially expressed
protein spots, which added 317 pairs to 3 gels. Pick lists
of moderate to highly visibly stained spots were created
for glioblastoma early1 and glioblastoma late1 gels to
pick the spots for identification.

Spot Picking for MALDI-TOF-MS: Various protocols
can be used for the identification of proteins following
separation by 2D electrophoresis. The most widely used
is the in-gel protein digestion followed by peptide
sequencing by mass spectrometry. The proteins of interest
were, then robotically excised with the aid of the Ettan™
spot handling workstation (Amersham Biosciences,
Uppsala, Sweden) according to the manufacturer’s
instructions. The workstation is equipped with two liquid
handling robots that are optimized for accurate picking of
gel spots, processing gel plugs for trypsin digestion,
efficient extraction of peptides from gel plugs and for
precise spotting of MALDI target plates. 

Approximately 108 spots from glioblastoma early1
and 106 spots from glioblastoma late1 were picked for
protein identification. Selected spots were picked with the
2mm picker head into 150 µl of water and then washed
twice for 30 min in 100 µl of 50% methanol; 50mM
ammonium  bicarbonate  (ambic)  and  once with 100 µl
75 % acetonitrile (ACN) for 10min. The washing step
ensures complete removal of protein revealers (Sypro
dye) as well as SDS detergent. The suspension was
sonicated to destroy the gel matrix by 10 pulses per sec
each at maximal energy setting. A total of 7 µl porcine
modified trypsin protease (Promega, Madison, WI, USA)
(20 µg/µl trypsin in 20mM ambic) were added to the dried
gel pieces and incubated at 37°C for 4 h. Tryptic peptides
were  then  extracted  from  gel  plugs  in  two cycles of
60 and 40 µl of 50% ACN; 1% formic acid, respectively,
using the Ettan  Digester workstation and dried by

vacuum centrifugation.   Peptides   were   re-constituted
 in  3µl α-cyano-hydroxycinnamic acid matrix (2.5 µg/µl
in 50% ACN, 0.05% trifluoroacetic acid). The 96-well
plate was then transferred to a Micromass MassPrep
Sample Handler (Figure 1,2) where an aliquot of 2 µl of
the peptide mixture was spotted onto MALDI MS targets
(Micromass target plates).

Peptide mass maps were generated by Applied
Biosystems Voyager System 6192 MALDI-TOF-mass
spectrometry (ABI, USA). Proteins were identified by
PIUMS and MASCOT search.

Mass Spectrometry for protein identification: MALDI
spectra were acquired in data-dependent mode on a
Micromass M@LDI™ MALDI-TOF HT (Waters).
Sequence information was obtained from MS/MS data
acquired on a Deca XP plus ion trap (Thermo Electron)
with an atmospheric-pressure (AP) MALDI interface
(Masstech, Colombia, USA). A home-built plate holder
was used to hold the Micromass target plate. Typically
300 ms injection time was used and 25 microscans per
scan.  Four  minutes acquisition per sample was
performed in data-dependent mode with 1 MS followed
by 10 MS/MS. The dynamic exclusion was put to +–2 Da
and 2 minutes. The first half of the program used collision
energy of 38 and the second part with energy of 45. 

MS  database  searches were performed against a
non-redundant  International Protein Index (IPI) data
bases (www.ensemble.org/IPI) using PIUMS (Protein
Identification Using Mass Spec) software. MS searches
were performed without constraining protein molecular
weight or isoelectric point and allowed for carbamido
methylation of cysteine, partial oxidation of methionine
residues and one missed trypsin cleavage. A search in IPI
human was also done using the search engine Mascot
corresponds to an expectation value of 0.01. A search in
IPI human was also done using the search engine Mascot
Demon (www.matrixcscience.com) and the results from
this search were compared with the results from PIUMS.
Proteins, Genes, functions and associations with normal
and diseases states were checked and verified on the
NCBI (http://www.ncbi.nlm.nih.gov) as well as Human
Protein Reference Database (HPRD).

RESULTS AND DISCUSSIONS

Image analysis: Proteins from the early and late passages
of the glioblastoma primary cell cultures were first
separated on a linear range of pH 3-10. This was followed
by a second dimension separation with respect to their
isoelectric point (pI) and molecular weight (MW) carried
out by 10% SDS-PAGE. Gels were analyzed in duplicates
using ImageMaster Mealanie 5.0 software for quantitative
and qualitative analysis. 2D maps for early and late
passage glioblastoma are shown in Figures 1 and 2.
Reproducible results were obtained while the protein
spots were occasionally distributed over the whole gel but
most often concentrated in the pH range 4-7. A similar
general pattern of protein spots was also observed
throughout the experiment. 
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Fig. 1: 2-DE gel image of glioblastoma early passage depicting identified protein spots numbers. Protein was extracted
from ealry passage of glioblastoma primary cell cultures. The first dimension was run with 100 µg of protein
using pH 3-10, 13cm Linear IPG strips and separated by 20,500 V h. The second dimension was run using
18*16cm gels and stained using Sypro Ruby fluorescence and scanned the gels using Typhoon scanner.

Fig. 2: 2-DE gel image of glioblastoma late passage depicting identified protein spots numbers. Protein was extracted
from late passage of glioblastoma primary cell cultures. The first dimension was run with 100 µg of protein
using pH 3-10, 13cm Linear IPG strips and separated by 20,500 V h. The second dimension was run using
18*16cm gels and stained using Sypro Ruby fluorescence and scanned the gels using Typhoon scanner.
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(A)       (B)

Fig. 3: Scatter plot for glioblastoma passages. A: The regression line for the pair values by intensity, pairs count and
correlation coefficient for early passages, B: The regression line for the pair values by intensity, pairs count and
correlation coefficient for late passages.

isoelectric point (pI) and molecular weight (MW) carried
out by 10% SDS-PAGE. Gels were analyzed in duplicates
using ImageMaster Mealanie 5.0 software for quantitative
and qualitative analysis. 2D maps for early and late
passage glioblastoma are shown in Figures 1 and 2.
Reproducible results were obtained while the protein
spots were occasionally distributed over the whole gel but
most often concentrated in the pH range 4-7. A similar
general pattern of protein spots was also observed
throughout the experiment. 

Approximately 170-210 protein spots were observed
for each gel by using the auto detection function of the
software, followed by manual spot editing. A majority of
the spots, i.e. ~ 60 -65 % from three images, were
matched against a reference gel. Though horizontal
streaks persisted at the positions of abundantly expressed
proteins, the protein spots were generally well resolved.
A matching set between gels is called a group and the four
gels were classified into two classes corresponding to
early and late passages.

Scatter plots in Image Master were employed to
analyze gel similarities and/or experimental variations
(such as disparities in stain intensity or sample loading).
This was carried out to obtain an idea of the reproducible
quality of the gels. Scatter plots and correlation
coefficient values from the software for duplicates of
early and late images showed a reproducibility of ~50-
60%. Figure 3 shows scatter plots that display the
regression line and correlation coefficient for pair values
of duplicates of early and late passage gels. It can be
deduced from the regression line that early glioblastoma
gels were of a more reproducible quality than the late
glioblastoma gels.

Identified  and  differential  proteins:  A  large number
of  proteins  that  were  differentially expressed between
the  early  and  late  2-DE  protein  maps  were observed.
A total of 108 spots from early glioblastoma and 106
spots from late glioblastoma were excised for protein
identification using  MALDI  followed by peptide mass
fingerprinting.  A  protein  hit  was  considered significant
if  the  PIUMS  expectation  #0.01  and  the   Mascot
score $58. Spots were only selected if they were
expressed  in  duplicates  of early and/or late images.
Some  proteins  were  found  to  appear  as  two  spots
both  on  the  early and late images and were thus
identified as different isoforms. Ultimately, 21 differential
proteins were identified between the early and late
glioblastoma passages. Tables 1 and 2 list the
differentially expressed proteins including their spot no.,
accession no., protein name, Mascot score, MW, gene
locus and biological function for glioblastoma early and
late passages. 

In order to determine the differential expression of
the identified spots between the two classes (early and
late), class reports of spots were employed. The reports
were provided by ImageMaster, which had calculated the
mean values (intensity, volume, area etc.) for each group
according to their class and provided ratios between the
classes. The class ratio reports were analyzed according
to mean values of the spot intensities with the statistical
criteria 100% Mean and 0% MSD (Mean Squared
Deviation). Since the spot intensity ratios were calculated
from classes, they were only selected if the spot was
expressed in duplicate. 
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Table 1: Identified proteins in early passages of glioblastoma cells.
Spot Protein namea IPI IDb Swissprotc Mascot MW Gene locusd Biological functione

No. Score
5 Myosin 9 IPI00019502.1 P35579 78 227646 22q13.1 Cell growth and /or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18 Glucose regulated protein

precursor 78 kDa (GRP 78) IPI00003362.1 P11021 156 72402 9q33-q34.1 Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 glucose regulated protein 

75 kDa (GRP 75) IPI00007765.2 P38646 88 73920 5q31.1  Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
22 Heat Shock cognate 71 KDA 

protein, Splice isoform 2 IPI00037070.1 P11142 66 54002 11q23.3-q25 Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
31 Protein Disulfide-Isomerase 

Precursor IPI00010796.1 P07237 123 57480 17q25 Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
34 Protein Disulfide-Isomerase 

A3 Precursor IPI00025252.1 P30101 115 57146 15q15 Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
35 Tubulin alpha-ubiquitous chain IPI00387144.3 P68363 59 51022 12q Cell growth and/or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
46 Alpha-enolase IPI00215736.2 P06733 124 47350 1p36.2 Metabolism; Energy pathways
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 Alpha-enolase IPI00215736.2 P06733 124 47350 1p36.2 Metabolism; Energy pathways
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
51 Actin, cytoplasmic 1 (Beta-actin) IPI00021439.1 P60709 71 42052 7p15-p12 Cell growth and/or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
63 Annexin A1 IPI00218918.1 P04083 120 38918 9q21.13 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
73 Annexin A5 IPI00329801.5 P08758 93 35840 4q27 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
90 Prohibitin IPI00017334.1 P35232 59 29843 17q21 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
175 Actin, cytoplasmic 2 (Gamma-actin) IPI00021440.1 P63261 66 42108 17q25 Cell growth and/or maintenance 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
180 Heat Shock Protein Beta 1 IPI00025512.2 P04792 68 22826 7q Protein metabolism
a The column displays the protein name as in the International Protein Index at www.ebi.ac.uk/IPI/. 
b The column displays the accession number as in International Protein Index at www.ebi.ac.uk/IPI/.
c The column displays the accession number as SwissProt at http://ca.expasy.org/.
d The column displays the gene map locus at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM.
e The column displays the gene biological functions as in HPRD

Table 2: Identified proteins in late passages of glioblastoma cells.
Spot Protein namea IPI IDb Swissprotc Mascot MW Gene locusd Biological functione

No. Score
22 Glucose regulated Protein 

Precursor 78 KDA IPI00003362.1 P11021 144 72402 9q33-q34.1 Protein metabolism
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
36 Tubulin alpha-ubiquitous chain IPI00396304.1 P68363 61 50804 12q13.12 Cell growth and/or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
38 Tubulin beta-2 chain IPI00142634.1 P07437 101 50095 6p21.33 Cell growth and/or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
41 Alpha Enolase IPI00215736.2 P06733 85 47350 1p36.2 Enzyme
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
43 Calumenin precursor, 

Splice isoform 2 IPI00045396.1 O43852 60 37225 7q32 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 Actin Cytoplasmic 1(Beta actin) IPI00021439.1 P60709 62 42052 7p15-p12 Cell growth and /or maintenance
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
59 Annexin A1 IPI00218918.1 P04083 97 38918 9q21.13 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
62 Similar to chloride Intracellular 

Channel protein 1 IPI00456966.1 62 28175 12q24.31
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
65 Annexin A5 IPI00329801.5 P08758 185 35840 17q21 Signal transduction; Cell communication
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
71 14-3-3 Protein Epsilon IPI00000816.1 P62258 74 29326 17p13.3 Signal transduction; Cell communication
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Table 2: Continued.
83 Triosephosphate isomerase 

1 variant (fragment) IPI00328807.3 P60174 53 26807 12p13 Enzyme
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
88 Peroxiredoxin 1 IPI00000874.1 Q06830 58 22324 1p34.1 Metabolism; Energy pathways
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
104 Predicted: Similar to eukaryotic 

translation initiation factor 
4A, Isoform 1 IPI00457097.1 62 44284 13q12.3 Metabolism; Energy pathways

a The column displays the protein name as in the International Protein Index at www.ebi.ac.uk/IPI/. 
b The column displays the accession number as in International Protein Index at www.ebi.ac.uk/IPI/.
c The column displays the accession number as SwissProt at http://ca.expasy.org/.
d The column displays the gene map locus at http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=OMIM.
e The column displays the gene biological functions as in HPRD

Fig. 4: Pie chart of distribution of differential protein
categories. 

Categories of the identified protein: The 21 identified
and differentially expressed proteins were functionally
categorized,  based  on their known biological functions
(as obtained from the Human Protein Reference Database
(HPRD)) into five categories namely protein metabolism
(28%), cell growth and/or maintenance (24%), signal
transduction and cell communication (24%), metabolism
and energy pathways (14%) and predicted proteins (10%)
(Figure 4). It was clearly noticed that 12 proteins out of
those 21 differentially expressed were up-regulated,
however 9 proteins were downregulated. Figure 5 shows
number of up- and down-regulated proteins in each
protein category.

Proteins involved in cell growth and/or maintenance:
Three differential proteins between early and late
passages were identified as playing a vital role in the cell
growth and/or maintenance. These were non-muscle
myosin heavy chain IIa (MYH 9), actins (beta actin and
gamma actin) and tubulins (alpha and beta2). Two
isoforms  of  the  actins  and tubulins were observed as
two  different  spots  on   all   four   gels.   The  proteins
of this category observed to be involved in diverse
cellular functions such as cell motility, cell adhesion,
cytoskeletol structure, mitosis, cell growth, proliferation,

Fig. 5: Number of up- and down-regulated proteins in
each protein category.

differentiation and apoptosis[7-10]. A previous study has
shown that the decreased expression of gamma-actin was
associated with human salivary gland adenocarcinoma as
a result of a decrease in the cell adhesion[10]. Different
studies have proved that changes in tubulins can be
associated with rectal cancer[11], colon cancer[12], lung
carcinoma[13] and breast cancer[14]. The expression of
MYH9 in association with anaplastic large cell lymphoma
has been observed[15]. In the present study all proteins
with the exception of beta-actin and gamma-actin were
downregulated in the late passage. In contrast, beta-actin
was upregulated whereas gamma-actin was completely
absent in the late passage. Due to their involvement in cell
division and other vital functions, the down-regulation of
these  proteins  leads  to slow growth during subsequent
in vitro culturing. 

Proteins involved in protein metabolism: Five proteins
were identified as being involved in the biological role of
protein metabolism. These were the glucose regulated
protein precursor 78 kDa (GRP78), heat shock cognate 71
kDa protein (HSC71), protein disulfide isomerase
precursor (PDI), heat shock protein 27 kDa (HSP27) and
stress-70 protein, mitochondrial precursor
(Mortalin/GRP75). 
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Two spots for PDI were observed for each gel and
these were thus identified as the isoforms PDI and PDI
A3 precursor. The proteins of this category are stress
induced and are involved in chaperon activity of
endoplasmic reticulum (ER) functions such as protein
folding and assembly, degradation of misfolded proteins
and disulfide bonding[16-20]. Stress-induced up-regulation
of these proteins increases the anti-apoptotic property of
cancer cells and progresses the tumor growth and drug
resistance[21-24]. In the late passage a down-regulation was
observed for all proteins in this category in comparison to
the early passage of glioblastoma, with the exception of
HSC71 and GRP75. We suspect that the down-regulation
of these proteins during stress (ER stress, hypoxic,
starvation etc.) conditions reduces the anti-apoptotic
activity and consequently leads to constant decline in cell
growth rate and a reduced anti-apoptotic activity could
cause slower growth. However, the upregulation of
HSC71 and GRP75 could still protect the cell from stress-
induced apoptosis and maintain the cell proliferation. It
has been proved that HSC71 and GRP75 interact with p53
resulting in the transcriptional inactivation of p53 which
in turn extends the proliferative life span[17,20]. It seems
probable that these proteins still protect the cells and the
expressions  may  down-regulate in further passages or
up-regulation of these proteins in further passages could
be not sufficient for cell survival due to increased
exposure to stress. 

Proteins involved in metabolism and energy pathways:
Alpha-enolase, triosephosphate isomerise 1 variant (TPI)
and peroxiredoxin 1 (Prx-1) were identified as being
involved in metabolism and/or energy pathways. Two
spots of alpha-enolase were found on each gel. These
were most probably post-translational modifications[25]. 

Alpha-enolase is a glycolytic enzyme (EC 4.2.1.11)
that is involved in the glycolytic pathway[26] and in certain
non-glycolytic functions such as surface expression and
plasminogen binding. These non-glycolytic functions
have implications on various physiological and
pathological events such as wound healing, tissue
remodeling, embyogenesis and the spreading of
transformed tumor cells[27]. The over-expression of
enolase has been associated with the progression of
tumors such as neuroendocrine tumors, neuroblastoma,
lung cancers and small-cell carcinoma[28]. In the
experiment from the present investigation, it was found
that all four proteins in this category, including two spots
of alpha-enolase, up-regulated in the late passage. This
would suggest that metabolic proteins regulate the cell
proliferation in the late passage.

TPI plays a central role in glycolysis,
gluconeogenesis, fatty acid synthesis and the pentose
shunt, which are essential for cell growth and
maintenance[29]. A previous study has shown that the

expression of TPI is triggered by a hypoxia-inducible-
factor[30] and also that it is stimulated by serum in cell
cultures that relates to the proliferative state of the
cells[31]. 

Prx-1 belongs to the antioxidant family and has
important roles in protecting cells against oxidants and in
regulating signaling by hydrogen peroxide[32]. Prx-1 is an
oxidative stress-inducible protein and its expression is
associated with proliferation, tumor growth, apoptosis and
signal pathways[33-35]. The over-expression of Prx-1 was
reported in several cancers such as non-small cell lung
cancer (NSCLC)[36], lung cancer[37], tongue squamous cell
carcinomas[38], breast cancer[39], oral cancer[33], malignant
mesothelioma[40], follicular neoplasm and thyroiditis[35]. 

Proteins involved in signal transduction and cell
communication: Four proteins were identified as being
involved in the signal transduction and/or cell
communication. These were annexin (annexin I and V),
14-3-3 protein ε (epsilon) isoform, prohibitin (PHB) and
splice isoform 2 of calumenin precursor.

Annexins are structurally related calcium and
phospholipid-binding proteins[41-43]. These proteins are
involved in various functions such as signal transduction,
membrane trafficking, proliferation, differentiation, cell
cycle regulation, tumor suppression, chaperone activity,
exocytosis, contraction and apoptosis[43,44-46]. The
expression of these proteins was found to change during
cell proliferation and cell differentiation. Previous studies
have reported that the over-expression of annexin I is
associated with lung adenocarcinoma[47,48], some central
nervous system (CNS) tumors (GBM, anaplastic
astrocytoma and astrocytoma)[49]. It has also been shown
that it is very highly expressed in growth hormone
secreting carcinoma[50]. However, other studies have
determined that the down-regulation of annexin I is
associated with prostatic adenocarcinoma and high-grade
prostatic intraepithelial neoplasia[41]. Annexin V
expression in glioma cell lines has been observed to
change as a function of the growth state. A decreased
expression of annexin V has been observed in uterine,
cervical and endometrial carcinomas[51]. Nevertheless, the
up-regulation of the protein has been associated with
melanoma and growth hormone carcinoma[50]. Another
study showed that the localization of annexin V to the cell
membrane is associated with apoptosis by binding with
the phosphatidylserine that externalizes the apoptotic
cells[52]. The findings from the present investigation show
that both annexin I and annexin V expression decreased
in the late passage. 

14-3-3 proteins regulate numerous cellular signaling
circuits that progress the cancer development and are
expressed more abundantly in CNS. In humans, seven
isoforms of 14-3-3 protein have been identified, i.e. β, γ,
ε, ζ, η, θ and σ[44]. A recent study on 14-3-3 protein
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showed that, except for the σ isoform, all other six
isoforms were elevated in human astrocytes under
growth-promoting culture conditions. In our study, the ε
isoform  was  downregulated in  the  late  passage. The
14-3-3 ε isoform regulates the cell cycle and apoptosis in
multiple steps. However, the exact role of the protein is
not clear[53].

Studies on PHB have proven that it undergoes
interactions with retinoblastoma protein (pRb), p53 and
E2F. This causes a block to the cell proliferation and
arrests the cell growth[45]. In contrast another study has
shown that the expression of prohibitins is relatively low
in normal mammalian cells as compared to immortal cell
lines and tumors[54]. In spite of extensive research, the
biology of PHB is still unclear. All that is known is that it
exerts a chaperone activity in mitochondria[45]. In the
present study, PHB1 was up-regulated in the late passage.
It is thus suspected that the gradually increased expression
of PHB1 inhibits proliferation and arrests the cell growth
during subsequent in vitro culturing of glioblastoma.

Calumenin is an EF-hand family protein that resides
in ER and Golgi complexes[46]. The protein contains
multiple EF-hands that bind to Ca2+, where calcium is
involved in the regulation of many cell functions. The
Ca2+ is used by ER chaperone proteins such as GRP78,
PDI etc. for protein folding and maturation of secretory
proteins in the ER lumen[55]. It was determined in the
present study that splice isoform 2 of calumenin precursor
was downregulated in the late passage. Accordingly, as
was explained above some, ER chaperone proteins such
as GRP78, PDI and HSP27 were downregulated in late
passages and it was thus probable that these proteins
could be dependent on the Ca2+ level in ER. 

Predicted proteins: Two predicted proteins were
identified that, according to HPRD, did not have any
biological function. These were chloride intracellular
channel protein 1 (CLIC1) and eukaryotic translation
initiation factor 4A isoform 1 (eIF-4A1). CLIC1 is also
called nuclear chloride ion channel (NCC27)[56]. Nuclear
ionic channels regulate ionic traffic between the
cytoplasm, nucleoplasm and perinuclear space and are
thus expected to influence cell proliferation and
apoptosis[57]. A study on glioma cells led to the
observation that Chlorin (Cl-) current in glioma cells,
upregulated after cell cycle arrest[58]. Another study
showed that the blocking of Cl- channels leads to a
decreased proliferation in human astrocytoma[59]. The
protein eIF-4A is an ATP dependent RNA helicase that is
involved in the initiation process of protein synthesis[60].
Until now, three isoforms have been identified, namely
eIF-4A1, eIF-4A2 and eIF-4A3. However, only eIF-4A1
was identified in the present study. The over expression
of  eIF-4A1 has been observed in 14 human melanoma
cell lines and in primary hepato cellular carcinoma[61].

Yang et al. showed that the helicase activity of eIF-4A
was inhibited during the apoptosis[62]. Here, the
upregulation of these two proteins was observed in the
late passage. 

The present study has revealed that there is an
excessive difference in the pattern of the up- and down
regulation of proteins in different categories. Among 21
differentially expressed and identified proteins highest
number of the proteins belonged to the class protein
metabolism, whereas the others belonged to the classes
cell growth and maintenance and signal transduction and
cell communication. Interestingly, out of 21 proteins, 12
were upregulated, 8 were downregulated and 1 protein
was completely absent in the late passage as compared to
the early passage cultures. With the exception of beta-
actin in the group cell growth and maintenance and
prohibitin in the group signal transduction and cell
communication, all remaining proteins were
downregulated. Contrarily, in the groups energy pathway
and predicted, all the proteins were found to be
upregulated. In the group protein metabolism, four
proteins were determined as being downregulated
whereas two were upregulated. 

Concluding Remarks: In this study the differential
expression of whole cell lysates of early and late passages
of glioblastoma primary cell cultures was investigated.
The diverse proteomic changes between early and late
passages were related to various cell functions such as cell
motility, cell growth, cell division, differentiation,
tumorigenesis, protein metabolism, signal transduction,
cell communication, protein synthesis, tumor suppression
etc.. These proteins were also located in different
components of the cell such as the endoplasmic reticulum
(ER), the cytoplasm, the cell membrane, the nucleus etc.
Major changes were observed in proteins that were
involved in protein metabolism, cell growth and
maintenance, signal transduction and cell communication.
All these proteins either directly or indirectly affected the
cell growth, cell division and cell aging. However, the
results showed that the proliferation stage of the cells
could be maintained and protected from apoptosis by the
upregulation of the proteins HSC71, GRP75, alpha-
enolase, TPI1, Prx-1, CLIC1 and eIF-4A1. Nevertheless,
the expression of the cell growth proteins, some
chaperone proteins and certain signal transduction and
cell communication proteins was found to decrease in the
late passage, thus decrease cell proliferation and
replicative lifespan. It seems probable that there were
many simultaneous and gradual changes occurring during
the cell passages, where some proteomic changes
occurred earlier and others at later stages. These
proteomic changes were also dependent on the cell
division phase. To obtain a clear picture of what happens
during the passages at the functional level, further studies
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should be conducted on cells from various tumor grades,
patients and time points. The subsequent understanding of
the proteomic interactions of these proteins should
certainly aid the evaluation of the sequence of functional
changes in cell aging.

List of Abbreviations:
AP Atmospheric-pressure
2D-GE Two-dimensional gel electrophoresis
Cy2 Cyanine-2
Cy3 Cyanine-3
Cy5 Cyanine-5
CH Chaperones
CNS Central nervous system
DIGE Differential in-gel electrophoresis
DMEM Dulbeco's modification of eagle's medium
ESI Electrospray ionization
GBM Glioblastoma multiforme
GRP78 Glucose regulate protein
HSPs Heat shock proteins
IEF Isoelectric focusing
IMDM Iscove's modified dulbecco's medium
IPG Immobilized pH gradient
LC-MS L i q u i d  c h r o m a t o g r a p h y - m a s s

spectrometry
MALDI-TOF Matrix-assisted laser desorption

ionisation-time of flight
MS Mass spectrometry
MSD Mean squared deviation
MW Molecular weight
PAGE Poly acrylamide gel electrophoresis
PBS Phosphate-buffered saline
PI Isoelectric point
PIUMS Protein identification using mass spec
PTMs Post translational modifications
PDI Protein disulfide isomarase
SAGE Serial analysis of gene expression's
SDS Sodium dodecyl sulfate
SIB Swiss institute of bioinformatics
WHO World health organization
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