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Abstract 

Cancers represent a major class of morbidity and the primary cause of death in the segment of 
active population. Improvement of therapeutically outcomes depends on more precise and earlier 
diagnostics, and biomarkers discovery and validation are considered the key for this, and also an 
essential tool in drug discovery. 

Omics technologies are intensely involved in biomarkers research. SELDI-TOF mass 
spectrometry combines flexibility, resolving power and sensitivity with high throughput potential, 
generating a suitable proteomic platform for research and clinical applications. 

SELDI platforms have been used to identify protein biomarkers in a variety of cancers, 
resulting in promising diagnostic strategies. Outcomes of SELDI technology in protein profiling of 
different samples prove its resources and reliability in biomarkers discovery, and recommend it as a 
major clinical tool of the future. Significant results obtained in pancreatic, colon, cervical, breast and 
brain tumors have been described. Relevant proteomic signatures could be identified in different 
sample types, setting up potential diagnostics and/or prognostics instruments for various cancers. 
Success in validation has already been achieved in some cases, yet the overall conclusion is that SELDI 
technology represents one component of a broader spectrum of versatile investigation technologies that 
may finally lead to setting up a more “clinical friendly” set of dedicated diagnostics tools. 
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Introduction 

 
Cancer represents a major challenge for the health systems throughout the world. At 

global level, it ranks third among causes of death, and in the western world is the second 
cause of death, after cardiovascular diseases. Unfortunately, it is the first death cause for the 
active population segment, namely for the 45-65 years age segment (1).  

WHO estimations pointed out that in 2020 there will be an incidence of 16 million 
cancer cases at global level. Cancer has a death toll of seven million per year worldwide, 
which represents 12.5% (2). 

Early detection and treatment improvement are key issues for all types of cancer. Non-
invasive tests for early detection are suitable for blood or other types of body fluids; however, 
cancer classification are often achieved using tissues samples (tumoral and peritumoral), as 
they represent a source of more reliable discrimination between different types and subtypes 
of cancer. Therefore, protein biomarkers detected in blood or tissues may play important roles 
in cancer detection, monitoring and treatment (3). 

Because of the lack of early detection methods and of the deficiency in specific and 
sensitive biomarkers, both scientists and clinicians are moving towards using proteomics as a 
mean to discover and validate new biomarkers or pattern of biomarkers. The new discovered 
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biomarkers have to prove better specificity and sensitivity than the existing ones and 
furthermore improve our understanding in cancer initiation and progression (2). 

Therefore, it is now necessary to identify new tumor associated serum proteins with a 
clear advantage over the markers that have been previously assessed in clinical settings. These 
new biomarkers can be used clinically as markers to detect early cancer and to monitor 
therapy or recurrence of disease (4). 

It is commonly agreed upon the characteristics of a suitable cancer biomarker that is 
generally a substance found in an altered amount in the body, implying its presence associated 
to a certain type of cancer. Unfortunately, the development of tumor associated serum protein 
biomarkers over the past few decades has not been effective for diagnosing primary cancer.  

There is a considerable pressure for the discovery of new disease-related biomarkers. 
Biomarkers are quantitative measures of biological effects that provide informative links 
between mechanism of action and clinical effectiveness. They can provide new insights into a 
drug mechanism of action, metabolism, efficacy and safety, and into disease mechanisms and 
disease course (5).   

Furthermore, the identification of diagnostic biomarkers will be essential for improved 
early intervention in disease, and will be a key technology in the development of more 
focused drug prescribing. However, the vision will be achieved if there is the right approach 
to optimization of biomarker investment, performance and application. This is a deliverable 
core of translational medicine research (6). 

Multiple investigative instruments have been “launched” in the space of biomarker 
discovery. Emerging omics technologies are among the best suited to approach the domain.  
Genomics 

Genomic analysis is one of the most intensively exploited “instrument” in biomarkers 
discovery; it is deciphering cancer biomarkers by a large array of distinct, “analyte oriented” 
approaches, that include DNA sequencing, RNA expression profiling, epigenetics, microRNA 
(7). 

DNA sequencing is frequently used to identify changes in candidate genes. The new 
generation of sequencing technologies has accelerated the discovery process of DNA 
sequence variants with clinical significance. The detection of DNA sequence versions, or 
small insertions or deletions in genes are now entering the clinical practice. Oncogenic DNA 
sequence variants became diagnostic biomarkers providing specific therapeutic targets. Large 
scale sequencing of candidate genes provides new biomarkers for diagnosis and prognosis of 
cancers. Somatic DNA sequence analysis has recently expanded to genome-wide high-
performance DNA sequencing leading to whole genome analysis of DNA sequence variations 
in tumors (8, 9, 10). 

The mRNA expression is used to study gene expression profiles as relevant 
biomarkers for stage or specific prognosis classification of cancer patients. Gene expression 
profiles containing panel of mRNAs can be more effective than standard methods for patient 
stratification such as histopathology biomarkers. Biomarker discovery usually starts with 
large scale gene profiling (on microarrays) with a technological progression for clinical 
application to simple microarrays with fewer probes or multiplexed quantitative RT-PCR. 
There are numerous software approaches to pathways analysis for a given gene expression 
dataset. Those that weight the impact of the particular genes provide additional guidance to 
the identification of shorter lists of biomarkers (11, 12). 

Epigenetic modifications are the most recent candidate biomarkers; groups of CpG 
methylation events in promoters are easily detected by PCR-sequencing of DNA from cells or 
tumors, or by methylation specific PCR techniques. DNA sequencing is providing whole 
genome approaches to discover novel epigenetic changes at DNA methylation level. Aberrant 
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promoter methylation has been found in growth suppressive genes in human tumorigenesis 
(13, 14). 

Due to their small size, MicroRNAs (miRNAs) have an elevated potential as 
biomarkers, since they are easily quantified in normal and cancer tissues as well as body 
fluids. However, this field is still in a very early stage, thus no miRNA biomarkers are in 
clinical use (15, 16). 
Proteomics 

Protein biomarkers show a high potential of conversion into clinical diagnostic tests. 
Often, they are identified in basic science studies of cancer cells as over-expressed proteins. 
Cancer-specific alterations in proteins may occur at the level of protein abundance or post-
translational protein modification such as glycosilation or phosphorylation (7). There are a 
number of direct approaches to identify cancer specific changes in proteins including 
abundance or post-translational modifications.  

Proteomic changes in cancer can be identified by two-dimensional gel 
electrophoresis. In this technique different visualization approaches may be applied: 
radioactive labeling, covalent attachment of fluorescent tags and silver staining. Significant 
enhancements seem to be provided by the recent development of DIGE, which combines the 
ease and sensitivity of detection with the simultaneous processing of samples and controls. 

Mass spectrometric analysis can represent a stand-alone approach for biomarker 
discovery, or a second stage, for post-electrophoretic sequence identification. 2DE-MALDI 
platforms already have a long history in biomarkers discovery (16), and they still represent a 
major player. 

Proteomic mass spectroscopy - based platforms have provided the ability to identify 
large numbers of novel proteins with the potential to be biomarkers. These studies are being 
performed in various biological matrices such as cultures of normal and tumor cells or human 
clinical samples (serum, plasma, urine, cerebrospinal fluid and saliva). Novel biomarker 
discovery technologies are developed using quantitative isotopic labeling, improved mass 
spectroscopy algorithms and improved sample preparation (17). Isotopic labeling is exploited 
for relative quantification of proteins by MALDI-TOF or LC-MS/MS (Liquid chromatography-
mass spectrometry/mass spectrometry) high-resolution mass spectrometry (18, 19). 

New methods for rapid identification of both known and unknown proteins are poorly 
developed. Matrix-assisted laser desorption and ionization with time-of-flight detection mass 
spectrometry (MALDI-TOF MS) and surface-enhanced laser desorption and ionization with 
time-of-flight spectrometry (SELDI-TOF) are two of the methods being currently used. 
MALDI techniques immobilize protein/peptide samples in an energy absorbing matrix 
(chemical) on a chip or plate. The entire repertoire of proteins in the sample interacts with the 
matrix from which a selected subset of proteins is bound to, a function of the composition of 
the selected matrix. MALDI analysis is well suited for resolution of proteins <20 kDa, the low 
molecular weight proteome. It proves relevant resolving power for peptide fragments, in 
association with bioinformatics tools, while recent systems are also able to perform de novo 
sequencing.  

Conversely, SELDI technology uses selective surfaces for binding a subset of proteins 
based on absorption, partition, electrostatic interaction or affinity chromatography on a solid-
phase protein chip surface (20, 21). In SELDI, like in MALDI, the protein-bound chip is 
pulsed with laser energy causing proteins or protein fragments to ionize and fly from the chip 
surface down a vacuum tube to the detector plate. The time of flight is affected by the mass of 
the particle and the charge it bears (m/z ratio). The detector plate records the intensity of the 
signal at a given m/z value, and a spectrum is generated. The different peaks in the spectrum 
correspond to different m/z protein species. This data stream of information can be coupled 
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with data streams from a series of test subjects and complex bioinformatics to define 
discriminants for cancer detection. 

Microarrays - multianalyte protein detection in complex matrices is approached using 
highly parallel immunoassays on antibody microarrays that resemble highly parallel ELISAs. 
There are a few approaches for this type of biomarker discovery tool (22, 23). The protein 
analytes can be measured in serum, plasma, or urine for non-invasive biomarker assays or in 
extracts of tumor tissue for evaluation of prognostic biomarkers or potential therapeutic 
targets (23).  

Biomarker research is considered a key to understand the mechanism of the disease, 
optimization of diagnostics and patient monitoring, as well as an important tool in new drug 
discovery and validation. It addresses multiple classes of analytes, relies on emergent 
laboratory and information technologies; although still novel as field of research, it already 
divides in a “core” of basic research approach that closely relates to systems biology and a set 
of clinical, translational applications where validation and robustness appear to be the 
keywords. 

The purpose of this paper is to present SELDI mass spectrometry as state of the art 
technology for cancer biomarkers discovery.  
SELDI-TOF – an overview 

SELDI-TOF MS is a novel approach in proteomics, which was introduced by 
Hutchens T.W. and Yip T.T (24). SELDI-TOF MS allows for integral protein profiling from a 
variety of complex biological materials such as serum, blood, plasma, tissue, urine, saliva, cell 
lysis products with limited sample preparation. 

The system is most effective when profiling low molecular weight proteins (<20 kDa). 
SELDI-TOF MS is more sensitive, faster and requires smaller amounts of sample than other 
proteomics methods. 

The SELDI-TOF MS technology consists of three major components: the ProteinChip 
Array, the reader, and the software.  
  The ProteinChip Array uses surfaces designed to select proteins from crude extracts 
according to general or specific protein properties. Surfaces can be treated with biochemical 
agents, such as antibodies or other ligands, and thus can be designed to interact specifically 
with unique target proteins, while the chemically treated surfaces retain whole classes of 
proteins (25). 

The procedure for detecting protein biomarkers follows few steps. A small amount of 
the complex biological sample is applied directly to ProteinChip arrays. Proteins bind to 
chemical or biological “docking sites” on the ProteinChip surface through selective 
interaction. Unbound proteins and buffer contaminants are washed away, eliminating 
sample’s “noise”. Energy absorbing molecule (EAM) solution is applied, producing 
aggregates of protein with multiple EAM units.  

The ProteinChip SELDI reader uses a nitrogen laser to desorb and ionize the sample. 
Photon absorption induces EAM ionization; ionized EAMs are transferring charge with 
protein. Electrostatic interaction generally prevents multiple charging of proteins and also 
induces separation of charged EAMs from the charged protein. In short, the laser energy 
induces both protein ionization and a change of state from the solid, crystalline phase into the 
mobile phase. The charged analyte can move very rapidly (“fly”), upon application of a 
voltage differential. TOF MS region of the instrument measures the mass-to-charge ratio (m/z) 
of each protein, based on its velocity through an ion chamber.  
  Protein clusters are defined based on molecular weight, and intensity variation is 
compared to normalized spectra, generating reports on relative distributions.   
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 The versatility of SELDI-TOF MS approach for protein analysis has been 
demonstrated by several published applications. 

The unlimited type of samples and the unique surface chemistries of the arrays allow 
the researcher to exploit chemical and biochemical characteristics of protein families, to 
capture and retain proteins on the surface, and to analyze the captured proteins by TOF MS or 
MS/MS directly on the array. 

A specific pattern can be distinguished using statistical programs such as Biomarker 
Patterns Software and artificial neural network (ANN) algorithm.  

Proteomic pattern analysis by SELDI-TOF-MS is one of the most promising new 
approaches for the discovery and identification of potential biomarkers for various diseases 
(26). 
Applications of SELDI proteomics in oncology 

One of the important goals of oncology is to develop biomarkers that can be identified 
through simple, less invasive methods proving the potential to identify cancer risk, possibility 
to improve early diagnostic, display utility in accurate grading and treatment monitoring (27). 

The clinical investigations using SELDI-TOF-MS for different types of cancer e.g., 
pancreatic, colorectal, cervical, breast, brain, and several infectious diseases revealed high 
sensitivities and specificities for diagnostic (28). 

Several different proteomic methods have been described in literature (29). While it is 
commonly agreed that no single method is suitable for biomarker discovery, a suitable 
combination of methods needs to be chosen depending on the type of material to be analyzed, 
the genre of disease and previous knowledge of the putative markers. The proteomic 
technologies appear to form the mainstay of the serum proteomics and several poor outcome 
types of cancers would benefit from these approaches. 
Pancreatic cancer 

Pancreatic cancer has a very poor prognosis, fact that is partially due to its diagnosis at 
late clinical stages of the disease, the tumor’s aggressive nature and limited response to 
therapy. 

Quantitative proteomic profiling of serum samples to identify differentially expressed 
proteins represents a very promising approach for improving the outcome of this disease and 
was the subject of various studies (30, 31). 

Several laboratories have demonstrated the feasibility of using SELDI mass 
spectrometry for the diagnosis and detection of pancreatic cancer. The survival rate of 
pancreatic cancer patients is the lowest among those with common solid tumors, and early 
detection is one of the most feasible means of improving outcomes (32, 33). 

Honda K. et al. compared plasma proteomes between pancreatic cancer patients and 
sex- and age-matched healthy controls using SELDI coupled with hybrid quadruple time-of-
flight mass spectrometry (32). A discriminating proteomic pattern was extracted from a 
training cohort (71 pancreatic cancer patients and 71 healthy controls) using a support vector 
machine learning algorithm and was applied to two validation cohorts. A set of four mass 
peaks was identified at 8766, 17272, 28080, and 14779 m/z, whose mean intensities differed 
significantly (Mann-Whitney U test, p < 0.01), accurately discriminating cancer patients from 
healthy controls in the training cohort sensitivity of 97.2%, specificity of 94.4%, and area 
under the curve value of 0.978. 

The SELDI study of Ehmann M. et al., comparing 96 serum samples from PAC 
patients  and 96 healthy controls, was in concordance with the results of Honda K. et al. (32, 
34). The protein peaks at 8700, 17270, and 28090 m/z were very close to the masses 
identified previously in the study of Honda K. et al. (32). Therefore two independent groups 
that analyzed different samples with SELDI-TOF-MS achieved similar results. The 
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independent identification of the same protein cluster as tumor signature confirms SELDI-
TOF analysis as a robust method for serum profiling. 

Ge C. et al. have been able to establish a serum protein pattern model for screening 
pancreatic cancer (35). The resulting profiles when comparing serum from cancer and normal 
patients were analyzed with the Biomarker Wizard system, to establish a model using the 
Biomarker Pattern system software. A double-blind test was used to determine the sensitivity 
and specificity of the model. A group of 4 biomarkers (relative molecular weights 5705, 4935, 
5318, 3243 Da) was selected to set up a decision tree to produce the classification model to 
effectively screen pancreatic cancer patients. The results yielded a sensitivity of 100%, 
specificity of 97.4%, ROC (Receiver operating characteristic) area of 99.7%. A double-blind 
test used to challenge the model resulted in a sensitivity of 88.9% and a specificity of 89.5%. 

Another study was aimed to demonstrate that SELDI profiling of serum is 
significantly better than the current standard serum biomarker CA19–9 distinguishing patients 
with pancreatic cancer from those with pancreatitis and from healthy controls. The superiority 
of SELDI was evident over multiple serum fractions and multiple array types (36). 

In a preliminary study performed on pancreatic cancer, we attempted to establish the 
protein profile and to apply proteomic technologies in identification of biomarkers for early 
detection of cancer and possible therapeutic targets.  

Our data were obtained using SELDI-TOF MS proteomic technology on serum 
samples from 3 groups - pancreatic cancer (PDAC), pancreatitis (PAN) and healthy subjects 
(CTRL). The samples were analyzed on Q10 ProteinChip Arrays (strong anion exchanger). 
Data acquisition and processing were achieved on SELDI-TOF MS Personal Edition, using 
the ProteinChip Data Manager Software 3.0.7. Cluster analysis led to the selection of 44 
clusters; two distinct subsets of clusters could be extracted: a first subset of 17 signatures 
differentiates PDAC patients vs. normal, and a second subset of 7 signatures, with good 
relevance between PDAC and pancreatitis.  

 
Figure 1.  Representative spectra of the selected patients and healthy individuals (pancreatic 
cancer (PDAC), pancreatitis (PAN) and healthy subjects (CTRL)) 
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Colorectal cancer 
Colorectal cancer (CRC) stands as the third cause of death among cancers, affecting 

almost equally male and female population. It has an elevated aggressiveness and a high 
potential of metastasis.  

The therapeutical outcome is considerably influenced by early approaches, as well as 
of adequacy of therapy, thus, early detection, precise classification and clear definition of 
patient variables are considered of severe importance. The importance of early/non-invasive 
biomarkers detection in colorectal cancer was proven by the use of screening programmes 
based on the fecal occult blood test that have resulted in a significant reduction in mortality 
caused by colorectal cancer (37, 38). Attempts on other serum biomarkers - MMP-9, 
complement C3a des-arg and α-defensins (39) or other proteomics studies seeking 
characteristic diagnostic signatures (40) had limited success, but demonstrated sensitivities 
and specificities superior to CEA.  

SELDI technology was applied for CRC biomarkers discovery studies, on biological 
materials such as blood/serum, urine, feces or tissue samples. Several reports have been made 
of differential expression of the same m/z values in colorectal cancer, even though different 
chip surfaces were used. 

In a double study on serum proteome profiling for CRC’s, Engwegen J.Y. et al. 
applied a classification tree strategy for the identification of biomarkers. Using a CM10 chip, 
out of a group of 16 proteins with modified expression, the best candidate biomarkers were 
selected for the m/z peaks proteins 3100, 3300, 4500, 6000 and 28000 Da, with sensitivities 
ranging from 77.8 to 89.5% and specificities ranging 73.3-89.9% (41). 

Yu J.K. et al (42) reported a 3329 and 6669 Da proteins to be differentially expressed 
on a hydrophobic chip surface, that were not selected in the final diagnostic pattern. In the 
same study, a 4477 Da protein, which was a classifier in the final pattern, was also up-
regulated in colorectal cancer patients.  

 In another study, IMAC chips were used for serum protein profiling, leading to a 
protein pattern that provided reliable discrimination on a second blind group. Masked analysis 
of an independent set of serum samples showed the diagnostic pattern could differentiate 
patients with different stages of colorectal cancer from healthy subjects with a sensitivity of 
95.00 % and specificity of 94.87 % (43). 

Proteomic changes occur in and can be detected at early stages, such as Duke stages 
A, B. Due to proteolytic activities, such as those of MMPs, peptides can be present primarily 
in blood, but their detection is affected by the presence of major proteins, such as albumin or 
gamma-globulins. Renal excretion is one major pathway for their clearance, therefore urine 
offers improved detection of peptides, due to the lack of dominant proteins.  

Ward D.G. et al. performed a study on urine samples, using a combination of SELDI 
(IMAC chips) and MALDI technology and 19 peaks were finally sorted from an initial group 
of 100 low mass (1.5-20 kDa) and 35 high mass (20-200 kDa) peaks. These were found 
significantly different in patients, and offered 78% sensitivity and 87% specificity in 
discriminating patients from controls (39). Four peaks – with m/z values of 6086, 11750, 
11960, 39480 and 53760 Da, were proved to have a very good correlation with cancer in early 
stages. Expression of hepcidin by colon cancer cells was demonstrated by Ward et al. using 
MALDI-TOF and SELDI-TOF MS in urine samples harvested from colon cancer patients and 
in surgical resection specimens. Hepcidin 20 (m/z = 2195) and hepcidin 25 (m/z = 2793) were 
proved to correlate with disease T stage (44).   
Cervical cancer 

Cervical cancer is the third most common form of cancer affecting women over 25 
years. Human papilloma virus (HPV) has been shown to play a major role in cervical its 
development (45). 
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Melle C. et al. et al. used ProteinChip technology to analyze pure micro-dissected 
tumor cells with and without HPV infection to detect discriminating protein profiles which 
elucidated the infection activated pathways (46). In this investigation, 18 proteins from tumor 
tissues have been identified by peptide fingerprint mapping and SELDI MS after separation 
by 2-DE. This study, investigating for the first time proteomic changes in micro-dissected 
HPV infected tumor tissue, provides an indication on the oncogenic potential of viruses. The 
SELDI measurements of all tissue samples detected up to 373 peaks in the 2.5–200 kDa 
interval, with normalized intensities.  

Wong et al. used SELDI analysis to differentiate cervical cancer from non-cancer 
patients on tissue were applied to WCX2 ProteinChip arrays. A training set was used to 
develop a classification scoring system and a blind test set was used to evaluate this scoring 
systems ability to distinguish cervical cancer from non-cancer samples. Using this model, a 
sensitivity of 87%, a specificity of 100%, a positive predictive value of 100% and a negative 
predictive value of 86% for the test population were obtained. Seven proteins were down-
regulated in cervical cancer cells compared to normal cervical epithelial cells (47). These 
findings suggest that SELDI mass spectrometry may play a role in distinguishing cervical 
cancer from normal cervical cells (48). 

SELDI-MS has also been successfully used for the detection of differentially 
expressed proteins in the serum of patients with cervical cancer. SELDI-TOF MS was utilized 
to detect the serum proteomic patterns in patients with early stage cervical squamous cell 
carcinoma, patients with cervical intraepithelial neoplasia III (CIN III), and healthy women 
(control) (49). 

Xia T. et al. have identified a total of 122 protein peaks at the molecular range of 1,5 
to 20 kD, among which 19 ones were significantly different between invasive cervical 
squamous cell carcinomas and controls (p<0,001). A diagnostic model consisting of 2 protein 
peaks at 3977 and 5807 m/z was established. Its specificity was 83.78% and its sensitivity 
was 97.29%. A sensitivity of 94.44% and a specificity of 94.44% in a large-scale blind test 
were obtained. The diagnostic model consisting of 2 protein peaks at 3977 and 5807 m/z can 
discriminate cervical cancer patients from healthy women (49). 

In another study, on weak cationic chips, fifty-two differentially expressed proteins 
were detected in the serum of cervical cancer patients (p<10-5), among which 6 proteins with 
mass/charge ratio of 4173.77, 5903.09, 6087.12, 10716.9, 6109.61 and 3397.41, respectively, 
showed lowered expression in the serum of cervical cancer patients. Two diagnostic models 
for cervical cancer were generated using a specific software: one based on the 4173.77 (m/z) 
protein, with the diagnostic specificity of 96% and sensitivity of 75% for cervical cancer and 
the other based on 3 proteins (5335.81, 7562.99, and 9287.89 (m/z)) with specificity of 
91.67% and sensitivity of 96 % (50). 
Breast cancer 

Breast cancer represents a major burden, since it represents about one third of the 
cancer cases in women, and the second cause of death in female population, after lung cancer.  

Early detection is considered essential in reducing mortality in breast cancer, and 
protein profiling could contribute to distinguishing high risk patients, and orient personalized 
therapies (51). 

As well in this type of cancer, SELDI-TOF MS has been used to investigate a broad 
range of biological samples: tissue (52) plasma (53), serum (54), nipple aspirate (55) and 
ductal lavage fluid (56). 

Therefore, Gast M.C. et al. used SELDI technology to analyze serum and tissue 
samples, on IMAC30-Ni chips and Q10 chips, on breast cancer patients. Three relevant peaks 
were identified in serum, while tissue samples resulted in 14 cancer related peaks (57). The 
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same authors  reported on a larger number of cases the use of SELDI-technology associated to 
a “decision tree” strategy; a signature of 14 serum proteins was defined as  high 
discriminating power diagnostic tool (58).  

Several SELDI-TOF MS peaks (not structurally identified) were reported to 
differentiate between serum or plasma of breast cancer patients and/or healthy controls (52, 
53). 

Tissue protein profiling is reflecting the earliest changes determined by the genetic 
mutations leading to breast cancer, thus, the concentration of potential biomarkers is highest 
in tumor and its microenvironment (59). However, tissue sampling is highly invasive, thus 
limiting the amount of protein profiling studies performed so far (60). SELDI-TOF analysis of 
tumor tissue lysates revealed peaks significantly associated with lymph node status or cancer 
subtype (61, 62).  
Brain tumors 

The prognosis of patients with glioblastoma, the most malignant adult glial brain 
tumor, remains poor in spite of the advances in treatment procedures, including surgical 
resection, irradiation and chemotherapy. 

As well in this cancer pathology serum biomarkers have the potential to revolutionize 
cancer diagnosis, grading, prognostic and treatment response monitoring. The major 
applications of serum biomarkers are diagnosis and accurate grading of tumor (63). 

Although challenging, proteomic profiling by SELDI-TOF-MS has recently also 
become one of the most important areas in human brain tumor research.  

Petrik V. et al, identified serum biomarkers that improve survival prediction in 
patients with brain tumors using SELDI-TOF MS. One peak, identified as the B-chain of α2-
Heremans-Schmid glycoprotein (AHSG), was less prominent in accordance with increasing 
tumor grade (64). 

In another study using weak cation-exchange chips a total of 140 serum samples from 
brain tumors patients were analyzed. Seven serum biomarkers were significantly deregulated 
in tumors group compared to the normal control group. Among them, four were up-regulated 
and three were down-regulated. A sensitivity of 84.6% and a selectivity of 84.6% were 
achieved to discriminate tumors from controls (65). 

Intensity of two peaks, m/z 7567 and 15115, were significantly higher in low grade 
compared with high grade astrocytoma. Using the combination of SELDI-TOF MS with an 
artificial neural network (ANN) algorithm, the screening and evaluation of protein biomarkers 
for the differentiation between malignant and benign brain tumors was improved (66). 
Melanoma 

Malignant cutaneous melanoma is the most serious form of skin cancers and originates 
from the melanocytes of the epidermis. The incidence of melanoma is increasing steadily at a 
rate of 5% per year throughout the world. Mortality is also increasing, but at a slower rate 
than the increase in incidence (67, 68). 

In melanoma, several serum markers have been evaluated, but they are only available 
as prognostic variables, to monitor response to therapy and to detect recurrence (68). 

Proteomics analysis has been proposed as a novel tool that would lead to the discovery 
of potential new tumor markers.  

SELDI-TOF MS profiling of serum proteins, coupled with univariate and multivariate 
statistical data analyses, could effectively discriminate between melanoma patients and 
controls, using a proteomic pattern to investigate the feasibility of diagnosing melanoma 
before metastases occurrence. Multiprotein classifier was tested in an independent validation 
set of melanoma and non-cancer serum samples patients, maintained in a good diagnostic 
accuracy of 98.1% (sensitivity 96.7%, specificity 100%), and 100% stage I/II classification 
assignment (67). 
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Lakomy R. et al. indicated that it is hard to identify any significant differences in 
protein profiles or laboratory parameters in the predefined chemo-sensitive or chemo-resistant 
groups of patients. They investigated human blood serum samples from patients with 
metastatic malignant melanoma treated with palliative chemotherapy. The analysis was 
performed by SELDI-TOF MS (69). 

Wilson L.L. et al. compared serum proteomic profile from patients with stage I and II 
melanoma that developed the diseases or had no recurrence in order to identify prognostic 
markers. Weak cationic exchange chromatography (WCX2), metal binding and IMAC3-Cu 
protein chips were used for SELDI analysis. Results showed a sensitivity of 72% and a 
specificity of 75% for the prediction of recurrence. Data of this first clinical pilot study were 
not analyzed using relevant bioinformatics classification algorithms, and results were not 
validated in a blinded population set (70). 
 
Conclusions 

 
The deployment of validated biomarkers will result in improvement of clinical study 

designs in more suitably defined populations. The application of biomarkers will translate into 
benefits such as: 
 

 •  Improvement of early diagnostics and prognosis 
 • Increasing the probability of  therapeutic programme success and reduction of treatment 
cycles, matching patients with therapy;  
 • Faster optimization of therapy; 
 • Improved compliance with therapy; 
 • Reduced complications of disease and less therapy related adverse effects; 
 • More efficient drug development; 
 • More efficient healthcare delivery; 
 • Reduced social healthcare burden. 

SELDI-TOF technologies have proved significant advantages as a “first line” 
approach in biomarker discovery, due to its relative simplicity and its high-throughput 
potential, yet it needs back-up from other proteomics instruments (such as 2DE and MALDI-
TOF/TOF) in order to produce a clear identification and validation of proposed biomarkers.  

Relevant proteomic signatures could be identified in different sample types, setting up 
potential diagnostics and/or prognostics instruments for various cancers. Success in validation 
has already been achieved is some cases, yet the overall conclusion is that SELDI technology 
represents one component of a broader spectrum of versatile investigation technologies that 
may finally lead to setting up a more “clinical friendly” set of dedicated diagnostics tools.  

The use of proteomics in biomarker discovery is one of the major options, and 
individual platforms or platform combinations are often used. SELDI-TOF is often doubled 
by MALDI-TOF in biomarker discovery studies, the latter being applied to provide “in depth” 
biomarker identification. 
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