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The  abili ty of  Medic ine  to effectively t rea t  and  cure  

c a n c e r  is direct ly  d e p e n d e n t  on the i r  capabi l i ty  to 
detect  cancers  at the i r  earl iest  stages. The  adven t  o f  
p ro teomics  has  b rough t  wi th  it the  hope  of  discov-  
e r ing  novel  b i o m a r k e r s  in the  early phases  of  tu-  

mor igenes i s  tha t  can be used to d iagnose  diseases, 
predict  susceptibility, and  m o n i t o r  progression.  This  

d isc ip l ine  incorpora tes  t echno log ies  tha t  can be ap-  
plied to c o m p l e x  b iosys tems such as s e r u m  and tis- 
sue in o rder  to charac te r ize  the  con ten t  of, and  

changes  in, the  p r o t e o m e  induced  by physiologica l  
changes ,  benign  or pathologic .  These  tools  i nc lude  
2-DE, 2D-DIGE,  IC%T, protein arrays, M u d P I T  and  
mass  s p e c t r o m e t n e s  inc lud ing  S E L D I - T O E  The  ap-  

pl icat ion of  these  tools has  assisted to uncove r  m o -  
l ecu la r  m e c h a n i s m s  associa ted  with  c a n c e r  at the  
global  level and  m a y  lead  to n e w  d iagnos t ic  tests 

and i n t p w v e m e n t s  in therapeut ics .  In this r ev i ew  
these app roaches  are eva lua ted  in the  con tex t  o f  
the i r  con t r ibu t ion  to c a n c e r  b i o m a r k e r  discover3 ,. 
Pa r t i cu la r  a t ten t ion  is paid to the  p w m i s i n g  cont r i -  
but ion  of  the  Pro te inChip /SEL,  DI -TOF p la t fo rm as 
a r evo lu t iona ry  approach  in p r o t e o m i c  pat terns  

analysis  tha t  can  be appl ied  at the beds ide  for dis- 
cover ing  prote in  profi les tha t  d is t inguish disease  
and d isease- f ree  states wi th  h igh  sensi t ivi ty and  

specificity. U n d e r s t a n d i n g  the  basic concepts  and  
tools used wil l  i l lustrate  h o w  best  to apply these  
t echno log ies  for pa t i en t  benefi t  for the  early c a n c e r  
de tec t ion  and  improved  pat ient  care. 
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I N T R O D U C T I O N  

Large scale a n d  h i g h - t h r o u g h p u t  a p p r o a c h e s  

In last decade three main  avenues  have appear in the 
bioscience scenario fur descr ibing complex biological 

systems. The possibility to s imul taneously  analyze 
thousands of genes, transcripts and/or  proteins by a 
cohort of new large scale and high throughput  tech 

nical platforms has produced a significative change 
in the way  in wh ich  we can face to a great n u m b e r  of 
biological processes inc luding physio pathological  

p h e n o m e n a  such as cancer.  
Comparat ive  genomic  hybridizat ion (CGH), DNA se 
quencing,  single nucleotide po lymorph i sm (SNP) 
analysis have been extensively used as high through 

put tools for inspect ing the heredi tary and somatic 
components  that lead to cancer  at the genome level  
(fig. 1). While, DNA micro ar ray  analysis, PClq. and 

non-PCR-based gene-expression assays are analytical  
tools that have also been used to know those changes 

in RNA abundance  associated with  cancer  at the tran- 
scriptome level. And lately, tools and strategies (see 
below) to know how proteins are modified and how 

their levels  change in tumours  are being used to get a 

picture of cancer  at the proteome level. All together,  
in conjunct ion of other coming  approaches  such as 
metabolomics ,  are giving us a more comprehens ive  

and holtstic v i ew of cancer  at the molecu la r  level. 

P ro teomics :  gene ra l  b a c k g r o u n d  

In recent years,  there has been an enormous  growth 
in the use of genome information in science. This 
genome information has greatly expanded the insight 
into the genetic basis of  cancer. The complet ion of  the 
human  genome sequencing project revealed that 
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Fig. 1. The biological organization of the , - o m e s , .  The classical view of biological organization is to consider the flow of infor- 
mation from the genome to the transcriptome, to the proteome and then the metabolome. However, each tier of organization 
depends on the other, so a perturbation in one network can affect another. Furthermore, the environment has a crucial impact 
on not only expression and concentrations of transcripts, proteins and metabolites, but also on the genome by selecting for 
adaptive changes in subpopulations of cells within a tumour. 

gene analysis alone does not tell the ,~whole story,, 
and tile focus of research is rapidly moving beyond 
transcriptomics,  gene lists, and funct ional  genomics 
to proteomics. This means  to tke task of identifying 
the structure, function, and interactions of those pro 
teins produced by individual  genes and their roles in 
specific disease processes such as the case of cancer. 
The proteome encompasses  all proteins that result 
from the genome of cells, a tissue or an organism. It 
is not a static parameter ,  as is the genome,  but a dy 

namic collection of proteins that reflects both the in- 
trinsic genetic p rogramme of tile cell and the impact 
of its immediate  mic roenv i ronmen t  k~. Compared 
with the genome, the proteome provides a more real- 
istic view of a biological status and is, therefore, ex 
petted to be more useful than gene analysis for evafu 
ating, for example,  disease presence,  progression and 
response to treatment.  Thus, proteomics can bridge 
the gap between the genome sequence and cellular  
behavtour.  
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Proteomics, also referred as funct ional  genomics,  is 

commonly  defined as the analysis of the protein com- 
position of a cell. Most cellular functions depend on 
the presence or absence of different proteins and pep 
tides, their interactions and their modifications. Pro- 
teome analyses are not limited to the description of a 
current  state protein composit ion of a cell, but are of- 
ten used to identify and characterize qualitative or 
quantitative changes in cellular protein patterns and 
protein interactions that can be triggered by external  
or in ternal  signals 5,*, 
In current  practice, proteomics encompasses  four 
principal  applications: a) protein mining;  b) differen- 
tial protein expression profiling; c) protein network 
mapping;  and d) protein modification mapping.  
Protein mining, the purpose of min ing  proteomes is to 
identify as m a n y  of the components  of the proteome 
as possible to catalogue the proteome directly, rather  
than to infer its composit ion from gene expression 5. 
Differential protein e3"pression profile: this involves 
the identification of proteins in a part icular  sample as 
a funct ion of a part icular  state of the organism, or as a 
function of exposure to a drug, chemical  or physical 
stimulus. The main  task in protein e~presston profiling 
is to measure the expression of a set of proteins in two 
serial samples, and then to compare them a. Protein 
networl~ mapping." this is a proteomic approach to de- 
t e rmin ing  how proteins interact with each other in 
living systems (protein-protein  interactions),  and 
therefore, it determines  the function of protein 7. 
Protein modifications mapping: this involves identify- 
ing how and where  proteins are modified. The pro- 
teomic approaches are a mean  of establishing the na- 
ture of post t ranslat ional  modifications 8. 
Most of proteomics studies done in cancer field and 
referred in this review are in fact differential protein 
expression profile studies. 

Cancer proteontics 

The analysis of molecular  pathogenesis  of cancer by 
analys ing global protein expression in tumors,  t umor  
cells or extracellular fluids from cancer patients 9 has 
been referred as ,,cancer proteomics,,. A major  justifi 
cation for measur ing  proteins instead of gene t ran 
scripts is that mttNA levels do not necessari ly corre- 
late with corresponding protein abundance  1~ ~*. 
A n u m b e r  of different gene products can arise from a 
single gone due to alternative splicing and additional 
complexity is provided by protein post- translat ional  
modifications, inc luding phosphorylations,  acetyla- 
tions, and glycosylattons, or protein cleavages ~5. The 
se modifications are not detectable at the mt{NA level 
but play significant roles in protein stability, localiza- 
tion, interact ions and functions,  Therefore, proteins 
represent a more relevant and accessible therapeutic 
targets than nucleic acids do. 

Detection of cancer biomarkers 

Although proteomic research has m a n y  biomedical  
fields of application, from cardiovascular 16,17 and neu 

romuscular  diseases ~8,~9 to solid organ t ransplanta-  
tion 2~ and infertility ~1, the most p romis ing  area is the 
discovery and identification of new biomarkers  for 
cancer diagnostics 22. The early detection of cancer  is 
crucial for its ult imate control and prevention.  Altho- 
ugh advances in convent ional  diagnostic strategies, 
such as m a m m o g r a p h y  and prostate specific ant igen 
(PSA) testing, have provided some improvement  in 
the detection of disease, they still do not reach the 
sensitivity and specificity that are needed to reliably 
detect early-stage disease. In m a n y  cases, cancer  is 
not diagnosed and treated unt i l  cancer cells have al- 
ready invaded su r round ing  tissues and metastasized 
throughout  the body. More than 60% of patients with 
breast, lung, colon and ovarian cancer have hidden 
or overt metastatic colonies at presentat ion and most 
convent ional  therapeutics  are limited in their success 
once a turnout  has spread beyond the tissue of ori 
gin 25. Therefore it is expected that the discovery of 
novel btomarkers will be able to reduce the lag time 
berween the beginning  of cancer disease and its dis 
covery. This is of part icular  importance in view of 

current  evidence that the most important  factor in the 
management  of cancers is clinical stage at diagnosis 2.. 
A biological marker  (,d~iomarker, 0 is defined as ,,a 
characteristic that is objectively measured  and evalu 
ated as an indicator of normal  biological processes, 
pathological processes, or pharmacological  responses 
to a therapeutic interventions, 9, 
A major  obstacle for tumoral marl~ers detection is the 
degree of tissue heterogeneity, a p h e n o m e n o n  that 
can affect the result obtained from comparative pro- 
teomics experiments  and this ]nay significantly affect 
the interpretat ion of the data. hmnunoh i s tochemis t ry  
is the s tandard method for marker  determinat ions  in 
routine pathological tissue diagnostics. But proteomic 
strategies are attracting increas ing interest to be used 
for the identification of tissue markers  and for provid 
ing data in multivariate analysis. A key technique for 
quantitative and comparative proteomics analysis  of 
tmnor  biopsies and solid tissue is the laser capture 
microdissection (LCM) that permits  the dissection of 
cancerous tissue and selection of subpopulat ion of 
cells, e.g. tmnor  cells from a field of no rma l  appear 
tng ceils. Using LCM, researchers can obtain more 
accurate representat ion of cells ( tumor and norma l  
appearing cells) and make more accurate compar-  
isons of protein expression in normal  and diseased 
specimens 25. 

Other of the biggest ongoing challenges in the field of 
proteomics is the detection of serum markers to be 
used for early disease detection and to follow treat 
ment effects versus disease progression. This task has 
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Fig. 2. Dynamic range ol serum proteins detection. The abundance of serum proteins spans eight to ten orders of magn Rude 
(from albumin to the low-abundance interleukins) but these MS-based methods can, in most cases, detect proteins over only 
two to four orders of magnitude. This is why low-abundance proteins pose a challenge, especially without prior pre-fractiona- 
tion or immunodepletion steps. 

to dea l  wi th  severa l  handicaps :  t )  the large dynamic  
range of prote in  concent ra t ions  rang ing  f rom ~50 
m g / m l  for a lbumin  to 1 5 pg /ml  for inter leukins ,  that 
means  10 logs of  difference 26, 2) Twenty  pro te ins  rep 
resent 99% of the total s e r u m  prote in  content  (fig. 2), 
and 3) mult ip le  prote in  isoforms are shown on 2D 
gels, sugges t ing  n u m e r o u s  post t rans la t iona l  modifi  
cat ions such as glycosylat ion and phosphory la t ion ,  It 
is, there%re,  necessa lT to subject  samples  to pre-fl 'ac- 
t ionat ion or immunodep le t i on  steps to remove the 
most abundan t  proteins.  

P R O T E O M I C  A P P R O A C H E S  U S E D  IN CANCER 
B I O M A R K E R  D I S C O V E R Y  

P r o t e o m i c s  P la t forms  I n v o l v i n g  2-DE: 2 D - D I G E  

Tradi t ional ly ,  p ro te in  extracts  f rom cell  lysates are 
s o m e h o w  enr iched  and subjected to pro teomic  ana ly  
ses by using rwo dimensional  gel electrophoresis (2 DE) 

Clin Transl OncoL 2006;8(8):566-80 

in conjunct ion  with  mass  spec t romet ry  (MS) tech 
niques 27. The two-d imens iona l  gel app roach  sepa-  
rates pro te ins  accord ing  to rwo independent  physico 
chemica l  pa ramete rs ,  charge  and molecu la r  weight.  
Mler  successful  separa t ion  and appropr ia te  spots vi- 
sual izat ion,  pro te ins  of Lnterest are  e ~ r a c t e d  f rom gel, 
digested and mass  spec t romet ry  ana lyzed  (fig. 5). 
Peptide mass  analys is  are carr ied  out ei ther  by ma-  
t r ix-assis ted laser  desorp t ion/ ioniza t ion  time-of-flight 
mass  spectromeh3 ~ (MALDI-TOF MS) or  by t andem 
MS (MS/MS). Protein identif ication is f inally done by 
correla t ion of the MS genera ted  data wi th  da tabase  
sequence informat ion 28. 
Fluorescent  two d imens iona l  difference in gel elec 
t rophores i s  (2D DIGE) is a fair ly recent i m p r o v e m e n t  
of the 2 DE technologT ~9. Prior to e lec t rophores is ,  the 
pro te ins  in different cell  extracts are cova len t ly  la- 
beled using different f luorescent  dyes, e.g. cyanine 
(Cy2, CyS, or Cy5) dyes  (fig. 4). Typical ly,  the test 
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Fig. 3. Quantitative protein analysis from the cell to the identified protein. In the upper classical workflow, 2DE is used to sepa- 
rate and to quantify proteins: The selected proteins are isolated and identified by mass spectrometry. In the lower workflow, 
LC-MS/MS or SELDI-TOF MS are used to analyze protein mixtures and accurate quantification to differential protein expres- 
sion. These techniques are compatible with protein fractionation or separation methods, such as subcellular fractionation, 
protein complex isolation and electrophoresis and chromatography. 

sample  is labeled with  Cy5 and the reference sample  
with Cy5 or ,,vieeversa,~. Equal  concentra t ions  of  the 
two dif l 'erential ly-labeled pro te in  samples  are then  
mixed and co separated during the same 2 DE process.  
The 2D DIGE gel is then scanned  at two emiss ion  
wave lengths  (for Cy5 and Cy5) using a f luorescence 
imager .  A compar i son  of the two images  genera ted  
al lows the quantif icat ion of each spot. This app roach  
e l imina tes  or dras t ica l ly  reduces  gel to gel  var iabi l i ty  
associa ted wi th  s tandard  2-DE and improves  the ac- 
curacy  of quanti tat ive pro te in  prof i l ing showing  a lin- 
ear  dynamic  range of 4-5 orders  of magni tude ,  by 
contrast  with the app rox ima te ly  1-2 order  range of 
c lass ical  2-DE s ta ining p rocedure s  5~ 52. 
A large n u m b e r  of 2-DF. based approaches  have been 
developed in p ree l in ica l  models  of cancer ,  inc luding 
cell l ines, but re la t ively  few data have been genera ted  
from cl inical  samples  and genera l ly  involving a l imit-  
ed n m n b e r  of patients.  These approaches  has been 
appl ied  for the identif ication of potent ia l  b iomarke r s  
associa ted to breast  ductal  ca rc inomas  25, in t issue 
and biological  fluids such as s e r u m  55 or nipple aspi-  
rate f luids (NAF) 5. ( table 1). Ten differentially- ex 
p ressed  pro te ins  were  va l ida ted  in independent  due 

tal ca rc inoma spec imens  and conf i rmed by s tandard  
immunoh i s tochemica l  analysis  using a l imited inde 
pendent  tumor  cohort.  Many of the pro te ins  identif ied 
were  prev ious ly  unconnec ted  with  breast  cancer.  
Proteomic analys is  of these spec imens  revealed d ig  
ferent ial  express ion  pa t te rns  distinct  f rom prev ious  
nucleic  ac id-based  s tudies  and identified new facets 
of the earl iest  stage of  breast  cancer  p rogress ion  25. 
On the other hand,  sera from breast  cancer  and control  
patients have been empbyed  to investigate protein e:cpres- 
sion al terat ions  55. This work  revea led  p roapo l ipopro-  
tein A I, t ransferr in ,  and  hemoglob in  as up regulated 
and apol ipopro te in  A-I, apol ipopro te in  C-III, and hap- 
toglobin alpha2 as down-regu la ted  in patients.  The 
se rum level of  t ransfer r in  corre la ted  wel l  wi th  the 
2D DIGE results.  However ,  the se rum levels of apo 
l ipoprotein A-I and haptoglobin  could not be detected 
with the clinical routine diagnostic tests. Thus, 2D DIGE 
can dis t inguish  be tween  isoforms of proteins,  whe re  
the overa l l  i m m u n o e h e m i c a l  quant i f icat ion does fail 
due to a lack of  isoform specific antibodies.  
In colorectal  cancer  t issues in compar i son  to adjacent  
no rma l  mucosa ,  54 spots were detected with statisti 
eal s ignif icance and changes  tn protein  express ion 
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Fig. 4. 2D-DIGE approach. 

levels revealed a s ignif icant ly enhanced  glycolyttc 
p a t h w a y  (Warburg  effect), a decreased  g luconeogene-  
sis, a suppressed  glucuronic  acid pa thway,  and an 
impa i red  t r icarboxyl ic  acid cycle. These changes  re 
veal  an under ly ing  m e c h a n i s m  of colorecta l  tumor i -  
genesis  in wh ich  the roles of impai red  t r icarboxyl ic  
acid cycle and the W a r b u r g  effect may  be crit ical 55, 

profile in cancer  are based on the so called ~(peptide 
centric,, approaches .  Protein extracts  f rom cell lysates 
are first digested and the whole  peptide miMures  pro 
duced are separa ted ,  identif ied and quantif ied by two 
d imens iona l  liquid c h r o m a t o g r a p h y  t a n d e m  mass  
spec t romet ry  (2D-LC-M S/MS) (fig. 5). 

Proteomics platforms involving LC-based 
t e chno logy :  ICAT, iTRAQ, SILAC, M u d P I T  

Other a l ternat ive pro teomic  approaches  cur ren t ly  
used [n the field of different ial  prote in  express ion  

Ciin Transl OncoL 2006;8(8):566-80 

Quantitative proteomics using stable isotope label 
techniques 

Alternat ive or comp lemen ta ry  MS based approaches  
have been developed for differential  prote in  expres  
sion m e a s u r e m e n t s  and are cur ren t ly  been improved.  
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TABLE 1. Summary of potential biomarkers identified in cancer studies by A) Proteomics Platforms Involving 2-DE: 2D-DIGE; 
B) Proteomics Platforms Involving LC-based Technology: ICAT, iTRAQ, $1LAC, MudPIT and Protein Microarrays 

Proteomic technologies Cancer type REFS 

A) Gel based approaches 
2 DE/MALDI TOF 
2D DIGE/MALDI TOF 

(LCM)-ICAT/2 D- LC- M S/MS 

iTRAQ/2D LC MS/MS 

S ILAC/LC- MS/M S 

B) LC-based approaches 
MudPIT 

Protein microarrays 

Breast (--issue) 25 
Breast (Serum) 33 

Colorectal (Tissue) 35 
Breast (NAF) 37 

Hepatocellular (Tissue) 38 
Ovarian (Oells) 39 

Endometrial (Tissue) 40 
Lung (Cells) 41 

Pancreatic (Seeretome) 43 

Pancreatic (Secretome) 44 
Breast (--issue) 45 
Colorectal (Cell) 48 

Linfoma (Cell) 49 

They are  based on the differential  label ing of per-  
turbed and non-pe r tu rbed  pro te in  extracts  with dif- 
ferent stable isotopes (12C/15C, 1*N/15N and 1H/~H). In 

this way,  the same pept ide f rom two different sam-  
ples wi l l  show the same chemica l  behaviour ,  wi th  a 
difference in mass  detectable by MS techniques.  
Peptide peak  intensi t ies  can be used for relat ive quan 
tification of these peptides.  
- T h e  most c o m m o n l y  used method for prote in  
quantif icat ion is based on the use of Isotope Coded 
Aff'mity Tag ( I C J T )  reagents  5~ ICAT profiles the 
relat ive amounts  of cys te ine-conta in ing  pept ides  de- 
r ived f rom t~Tptic digests of pa i red  pro te in  extracts. 
This method  has been applied 57 for quant i f icat ion 
and identif icat ion of differential ly expressed  t m n o r  
specific pro te ins  in NAF from the tmnor  bear ing  and 
eont ra la te ra l  d isease  free breas ts  f rom uni la tera l  ear  
ly stage breast  cancer  patients.  In this study, a lpha  
2HS glyeoprote in  was down regulated,  whi le  l ipophi  
lin B, beta-globin,  hemopexin ,  and  v i t amin  D-binding  
protein p recu r so r  were  overexpressed.  [I{'sterr~ blot  

analysis  conf i rmed the overexpress ion  of  v i tamin  D 
binding  prote in  in t umor -bea r i ng  breasts.  Thus,  pro-  
teomic screening  techniques  us ing  ICAT and NAF 
m a y  be used to find m a r k e r s  for diagnosis  of breas t  
cancer  (table 1). 
Laser  capture  microd issec t ion  (LCM) and ICAT tech-  
nologT have been  appl ied  to invest igate  the quali ta-  
tive and quant i ta t ive p ro t eomes  of hepa toee l lu l a r  
ca rc inoma  (HCC). A total  of 644 prote ins  were  quali  
tative identif ied,  and 261 pro te ins  were  unambiguo-  
usly quanti tated.  Thus,  LCM coupled with 2D LC 
MS/MS and eICAT label ing technology can achieve 
accura te  quali tat ive and quanti tat ive cl inical  pro 
teomic analysis  inc luding looking for tumor - in te r re -  
lated pro te ins  and f inding potent ia l  b iomarke r s  and 
drug  targets  58. 

Recently, the p ro teomes  of c isplat in-sensi t ive and -re- 
sistant ovar ian  cancer  cells  were  compared ,  and pro-  
tein express ion was corre la ted  with  mRNA expres  
sion profi les 59. In res is tant  ceils, severa l  pro te ins  
appeared  to be overexpressed  at least 5-fold inc luding  
cell recogni t ion molecule  CASPRS, S100 pro te in  fatal-  
13.- member s ,  junct ion  adhes ion  molecu le  Claudin  4, 
and GDC12-binding prote in  k inase  beta. While,  in 
sensit ive cells, prote ins  such hep atocyte growth factor  
inhibi tor  1B and p r o g r a m m e d  cell  death 6 in terac t ing  
protein  were  overexpressed  at least  5 fold. The diree 
tion of  changes  in express ion  levels  be tween  pro te ins  
and mRNAs were  not a lways  in the same direction,  
poss ib ly  reflecting pos t t ranser ip t iona l  control  of pro 
tein exloression. In this study, pro te ins  whose  expres  
sion profi les corre la te  with eisplat in res is tance in 
ovar ian  cancer  cells were  identified. Severa l  pro te ins  
]nay be involved in modu la t ing  response  to eisplat in 
and have potent ia l  as ma rke r s  of  t rea tment  response  
or t rea tment  targets  (table 1). 
- New LC-based  quanti tat ive method,  such as iTR.dQ 

( isobaric  Tags for Relative and Absolute Quanti  
ration) employs  a more  global s trategy involv ing  the 
label ing of all p r i m a r y  amines,  iTt/.AQ TM is a recent ly  
developed pro te in  quanti ta t ion technique that ut i l izes 
four i sobar ic  amine  specific tags. In single MS mode 
the differential ly labeled vers ions  of a pept ide  are in- 
dis t inguishable .  However ,  in t andem MS mode (in 
which  pept ides  are isolated and f ragmented)  each tag 
generates  a unique repor ter  ion. Protein quant i ta t ion 
is then achieved by compar ing  the intensi t ies  of  the 
four repor te r  ions in the MS/MS spectra. 
DeSouza et al *~ in a recent  s tudy combines  these two 
LC based  strategies,  iTRAQ and ICAT, and identif ied 
a total of nine differential ly expressed  prote ins  in- 
volved in endomet r i a l  cancer  (EC). Chaperon in  10, 
pyruva te  kinase M1/M2 isozyme,  ealgizzarin,  hetero 
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geneous  nuc lea r  r ibonuc leopro te in  DO, mac rophage  
migra tory  inhibi tory factor, and polymer ic  immuno-  
globulin receptor  p recursor  were  overexpressed,  whi le  
a lpha 1 ant i t rypsin  precursor ,  creat ine  k inase  B, and 
t ransgel in  were  down-regu la ted  markers .  The use of 
cICAT led to identif icat ion of a h igher  p ropor t ion  of 
l ower - abundance  s ignal ing  proteins;  conversely,  
iTEAQ resulted tn a h igher  percentage  of the more  
abundan t  r ibosomal  pro te ins  and t ranscr ip t ion  fac- 
tors. A panel  of  these p lus  other  ma rke r s  may  confer  
sufficient select ivi ty for d iagnos ing  and screening  of 
EC (table 1). 
Differential  pro te in  express ion  prof i l ing by iTRA0- 
2DLC-MS/MS of lung cancer  ceils undergo ing  epi the-  
l ial  m e s e n e h y m a l  t ransi t ion shows  up regula t ion  of 
prote ins  involved in the ontrol  of  cell migrat ion,  adhe 
sion and invas ion  revea l ing  a migra to ry / invas ive  
phenot}-pe +~ . 

Another  approach  for relative quant i ta t ion of ehan 
ges in prote in  express ion  involves  a s table isotope la 
bel ing s t ra tegy t e rmed  SIL~IC (stable isotope label ing 
by amino  ac ids  in cell  culture).  Labeled,  essent ia l  
amino  acids  are added  to amino  acid deficient cell 
cul ture med ia  and are therefore  incorpora ted  into all  
p ro te ins  as they  are synthes ized.  No chemica l  label-  
ing or affinity pur i f ica t ion  steps are per formed,  and 
the me thod  is compat ib le  wi th  v i r tua l ly  all cell cul- 
ture condi t ions ,  inc lud ing  p r i m a r y  cel ls  4~. This 
metabol ic  labe l ing  has  been app l ied  for b i o m a r k e r  
d i scovery  in tke  secre tome of panc rea t i c  cancer  de 
r ived cells and  non-neoplas t i c  panc rea t i c  ducta l  
cells 45. One h u n d r e d  and fort?- five different ial ly se- 
creted pro te ins  (> 1,5-fold change)  have been identi-  
fied, severa l  of which  were  p rev ious ly  repor ted  as  ei 
ther  up regula ted  (e.g. ea theps in  D, m a e r o p h a g e  
colony s t imula t ion  factor, and  f ibronect in  receptor)  
or down  regula ted  (e.g. profi l in 1 and IGFBP 7) pro 
teins in pancrea t i c  cancer ,  va l ida t ing  this  app roach  
(table 1). 

A final  LC based  app roach  is Mul t id imens iona l  
Protein Identif icat ion Techno logy  (.~fudPIT). T w o  
steps of  HPLC (cation exchange  and reverse  phase)  
are coupled  to t andem mass  spec t rome t ry  (MS/MS) 
and d a t a b a s e - s e a r c h i n g  a lgor i thms  a l lowing  to rap-  
idly analyze  complex  mixtures .  This app roach  has 
been appl ied  for an efficient and  rapid  ident i f icat ion 
of p ro te ins  re leased  by pancrea t i c  cancer  cells,  in- 
c lud ing  molecu les  p rev ious ly  undesc r ibed  in this 
t?2ae of  cancer .  A ser ies  of p ro teoglycans ,  inc luding  
vers ican ,  pe r lecan ,  syndecan  1 and 4 has  been re- 
por ted,  cha l leng ing  the c o m m o n  view that  f ibroblasts  
of t m n o r  s t roma  are the  sole source  of  these mole  
cules**. In addi t ion,  this  technique  has  also been 
used for identif icat ion of  more  than  50 enzyme  activ- 
ities in h m n a n  breast  tmnors ,  nea r ly  a tk i rd  o f w k i c h  
represen t  p rev ious ly  uncha rae te r i zed  pro te ins  *5 
(table 1). 

Protein microarrays 

The genera l  concept of  a prote in  mic roa r r a y  is to se- 
lect ively capture  the molecule  of  interest  from a com- 
plex sample  to probe for the presence  and /o r  abun  
dance of that par t i cu la r  protein.  The most popu l a r  
protein  ar rays  are const ructed wi th  ant ibodies  (anti- 
body" microarray9 or cytokines  where  the bait pro-  
teins are  specific ant ibodies  pr in ted  on solid sur-  
faces *6. This novel  p ro teomic  technique provides  a 
powerfu l  technology for ana lyz ing  the express ion  of 
hundreds  of pro te ins  s imul taneous ly .  A high preei  
sion robot is used to pr int  hundreds  of  monoe lona l  
ant ibodies  at a high densi ty  on a glass sl ide in a for- 
mat tkat is compat ib le  with exist ing h a r d w a r e  and 
software tools for DNA mic roa r rays  47. Protein ex 
tracts from 2 different samples  are differential ly la 
beled with  f luorescent  dyes. Tke labeled extracts are 
then s imul t aneous ly  hybr id ized  with the an t ibody  ar 
ray. A f luorescence based  detect ion procedure ,  analo  
gous to that used  in gene express ion  profil ing,  is ex- 
ploited,  in wh ich  the immobi l i zed  ant ibodies  are used 
to capture  f luoreseent ly  labeled ant igen ~5. 
Although still in its infancy, this  technique  has been 
exploi ted in cancer  research  studies +s,+9. In 2001, 
S reekumar  et al +s (table 1) successful ly  utilized anti- 
body mie roa r r ays  to moni to r  a l tera t ions  of pro te in  
levels in LoVo colon cancer  ceils t reated with ioniz- 
ing radiat ion.  More recently,  prote in  m i c r o a r r a y  has 
also been  used in p ro teomic  analysis  of  mant le -ce l l  
l y m p h o m a  (MCL). A m i e r o a r r a y  conta in ing a p a n e l  
of 512 ant ibodies  a l lowed the identif icat ion of  15 
overexpressed proteins  (2-folds). The elevated expres-  
sion of  some of these polypept ides  was  conf i rmed by 
immunoblo t t ing  and immunoh i s tochemis t ry ,  whe re  
as e levated express ion  of o thers  could not be con- 
f irmed,  i l lus t ra t ing the impor tance  of conf i rmatory  
studies 49. 

P R O T E O M I C  P R O F I L I N G  T E C H N O L O G Y  
IN CANCER D I A G N O S I S  

Plasma represents  the golden spec imen fur c l inical  
studies. Serum and p l a s m a  oiler par t icu la r ly  p romis -  
ing resources  fur b i o m a r k e r  d i scovery  because  col- 
lection of these samples  is m i n i m a l l y  invasive and 
the blood is thought  to contains  the major i ty  of pro-  
tein const i tuents  found in the body ~a,5~ ,~Proteomic 
profiling,, or ,~serum pro teomie  profiling,, is based on 
the compar i son  of pro teomic  s ignatures  of different 
samples  51. The , ,proteomic profiling,, app roach  for 
d iscover ing new b iomarke r s  is based  on two p remis  
es: a) the low molecu la r  weight  s e rmn  pro teome 
contains an enormous  weal th  of b iomarke r  informa 
tion, which  has not yet been explored,  and  b) a pat tern 
of mult iple  b iomarke r s  may  contain a h igher  level of 
d i sc r imina tory  informat ion than a single b i o m a r k e r  

CliJl TraJlsl OJlcoL 2006;8(8):566-80 ~ ' ~  



CIORDIA S, DE LOS R[OS V, ALBAR JP. CONTRIBUTIONS OF ADVANCED PROTEOM ICS TECH NOLOGIES 
TO CANCER DIAGNOSIS 

Fig. 5. A schematic diagram of the PBS-II TOF-MS: ProteinChip Biomarker System-II (Ciphergen, CA, USA). TOF-MS: Time-of- 
flight mass spectrometry. After sample preparation the ProteinChip array is analyzed by laser desorption ionization TOF-MS 
and the smaller proteins fly faster and hit the detector first. Upper right panel shows a portion of the protein profile in spec- 
trum view. Middle right panel is the same profile shown as pseudogel view and the last right panel is the same profile shown 
as map view. 

across  large he te rogeneous  pat ient  popula t ions  52, 
This approach  applies ve ry  wel l  for dissect ing a corn 
plex mult is tage disease such as cancer.  

S e r u m  p r o t e o m i c  prof i l ing :  P r o t e i n C h i p /  
S E L D I - T O F  PI atfotan 

Current ly ,  the preva len t  approach  to pro teomic  pat 
tern diagnost ics  appears  to be based  on SELDI TOF 
profi l ing 55. The Surface Enhanced  Laser  Deso~ption 
Ionizat ion (SELDI) mass  spec t romet ry  teehnolog% 
ar is ing from the MALDI technique,  combines  reten 
tion ch roma tog raphy  'with TOF MS detection. In pa r  
t icular,  the first d imens ion  of pro te in  separa t ion  uses 
special  chemica l  surfaces  (the ProteinChip | Array, 
Ciphergen Biosystems, Fremont ,  CA), wh ich  include 
anion exchange,  cation exchange,  n o r m a l  phase,  re- 
versed phase,  and hnmobi l i zed  metal  affinity chro-  
ma tog raphy  (IMAC) or b iochemica l  surfaces ( inmo-  
bil ized ant ibody,  receptor ,  DNA, enzyme,  etc). The 
var ious  types of  chip surfaces have different affinity 
to different subsets  of proteins.  These p ro teome  frac- 
tions bound  to the chips  are ana lysed  by MS on the 
same chip, resul t ing in a ,r or ,r of 
pro te ins  charac ter ized  by mass - to -charge  ratio (m/z) 
(fig. 5). Differential  express ion  may  be de te rmined  
from these  pro te in  profi les by compar ing  peak  inten 
sity. The resul t ing spectra l  masses  are ana lyzed  us ing 
univar ia te  and mul t ivar ia te  stat ist ical  tools  to yield 
single m a r k e r  or m u l t i m a r k e r  pa t te rn  that  can elassi  
fy cl inical  samples .  

5 7 4  

SELD!-TOF MS applications arid objectious 

Prote inChip/SELDI-TOF pla t form has been appl ied  
for c l inical  biological  fluids profil ing,  notably  s e r u m /  
p lasma,  and gain fame when  n u m e r o u s  s tudies  
showed p romis ing  potent ia l  in ident i fying unique bio 
marke r s  or complex  pa t te rns  wi th  diagnost ic  value,  
a l lowing to envisage its use as d i scover ing / sc reen ing /  
early d iagnosis  tool in severa l  types  of cancer  56-61. In 
par t icular ,  the impress ive  resul ts  in t e rms  of specifiei 
ty and sensitivity,  repor ted  by Diamand i s  et a157 Petri 
coin et a159 and Adam et a162 in prostate and ovar ian  
cancer  raised e n o r m o u s  interest ,  but also some criti 
eism. Diamandis  s m m n a r i s e d  some open quest ions 
related to the appl ica t ion  of SELDI-TOF technology  
for b i o m a r k e r  d iscovery  as followsS~: a) it is a quali-  
tative technique where  the re la t ionships  betv~een 
peak  height  and  molecu la r  abundance  are  not l inear,  
b) there  are differences between dis t inguishing peaks  
identified by different invest igators  us ing the same  
technique,  for the  same disease; c) data from different 
laborator ies  are not readi ly  reproducib le ,  thus com- 
pficating any val idat ion or compar i son ;  d) different 
invest igators  use different op t imal  sample  p r epa ra  
tions; e) va l ida ted  s e r u m  cancer  m a r k e r s  (e.g., PSA 
and CA125) that  could serve as in terna l  controls  are 
not identif ied by this technolog)~; f )  the  adsorpt ion  
matr ices  used favour ext rac t ion  of high abundance  
pro te ins /pep t ides  at the  expense  of low abundance  
prote ins /pept ides ;  gO the technique measu re s  pept ides  
present  in high abundance  in s e rmn  that  is un l ike ly  
to originate f rom cancer  tissue; they are more  l ikely 
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TABLE 2A. S u m m a r y  of potential  b iomarkers  in ovarian cancer identif ied by SELDI -TOF MS 

Sample type Biomarkers (kDa) Biomarkers ID REFS 

Ovarian cancer 
Serum 11 .Y00 Haptoglobin cx fragment 6? 
Serum 28.048, ApoA I 50 

12.828, Truncated form of transthyretin 
3.272 Fragment of inter cx trysin inhibitor heavy chain H4 

Serum 12.900 Fragment transthyretin 57, 65 
13.900 Transthyretin 
15.900 Hb ~} chain 
28.000 ApoA I 
79.000 Transferrin 

Serum 15.100 Hb-cx chain 68 
15.800 Hb-~} chain 

Plasma 9.251 Hpt fragment 66 
54.000 Ig heavy chain 
Y9.000 Transferrin 

Plasma 11.520 N-terminal arginine-truncated form SAA-1 69 
11.681 8AA-1 

ID: identify; Apo: apolipoprotein; Hb: hemoglobin; Ig: immunoglobulin; SAA: serum amyloid oz. 

to represent  a specific cancer ep iphenomena ;  and h)  

the relat ionships between dis t inguishing molecules 
and cancer biolo@- is not known 52. 
Petricoin and Liotta 25 addressed these points, under-  
l ining that ins t rument  reproducibili ty and quality con- 
trol have already been introduced and that standard 
operating procedures for sample collection, handl ing  
and shipping have been developed. Fur thermore ,  the 
results of Semmes et a165 demonstrated that <,between 
laboratory,, reproducibil i ty of SELDI TOF MS serum 
profiling approaches and <<within laboratory,, repro 
ducibiltty as de termined by measur ing  discrete m/z 
peaks over time and across laboratories. Although 
there is even controversial  in its reproducibili ty and 
ability to detect actual  specific turnout  signatures, 
SELDI has several advantages,  such as ease of use, 
high throughput ,  and relatively aflbrdable cost, mak-  
ing it a very attractive technique for working with 

large sample cohorts in a clinical setting. 

S E L D I - T O F  MS in cance r  prof i l ing  

The usefulness of the SELDI-TOE MS approach for 
protein profiling has been demonstrated by the huge 
n u m b e r  of publ ished applications tn the last years. In 
special, this technology has been applied e~ens ive ly  
in cancer  research. Prostate Specific Antigen (PSA), 
Cancer Antigen 125 (CA 125), Careino Embryonic  
Antigen (CEA) are convent ional  serological ant igens 
for testing prostate cancer, ovar ian cancer, and col- 
orectal cancer and the corresponding convent ional  
assays detect and quantify these individual  proteins, 
while SELDI TOF MS uses protein patterns or ,,signa 
tures,, to discriminate a disease state. 
Contribution of this approach to cancer biomarker  dis 
cove W are summarized on table 2 and detailed below. 
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Ovaria t~  r 

The Rrst SELDI-TOF MS study in cancer  research 
was applied for the detection of ovarian cancer mark  
era in serum samples by the group of Petricoin 64. 
Paired samples from 50 healthy w o m e n  and 50 
w o m e n  in different ovar ian cancer stages were used 
in the experiment.  A proteomie pattern was  identified 
that discr iminated cancer from non  cancer  cases. 
Kozak et al a5 reported several  panels  of selected 
peaks (fragment Transthyret in ,  Transthyret in,  Hb ;3 
chain, ApoA I, Transferrin)  which  had been observed 
in previous studies 5s,66, In addition, Ye et al ar were 
able to identify- haptoglobin fi subuni t  as discrhninat-  
ing marker.  This protein fragment was found to be 
overexpressed in 91 ovarian cancer  patients w h e n  
was compared with se rum proteomic pat terns from 
91 healthy women.  Zhang  et al 5~ identified three 
se rum biomarkers:  apolipoprotein A1 (down regular 
ed); a truncated form of transthyretin (down-regulated) 
and a cleavage fragment of inter-or-trypsin inhibi tor  
heavy chain H4 (up regulated) in ovar ian cancer pa 
tients. 
Up to fourteen new potential  b iomarkers  associated 
to ovarian cancer have been reported in different 
studies by us ing this technology (table 2A). 

I]9ro s ta  tC ca r~cer 

Prostate Specific Antigen is produced by norma l  
prostate ceils in small  amounts ,  but tke higher the 
PSA is in serum, the higher the correlation is toward 
the existence of prostate cancer. The PSA screening 
test often generates a significant n m n b e r  of false posi- 
tives that lead to invasive and unnecessary  biopsy 
procedures. Thus, the application of SELDI TOlq' MS 
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TABLE 2 B. S u m m a r y  of potent ia l  b i o m a r k e r s  in head  and neck  c a n c e r  ident i f ied by S E L D I - T O F  M S  

Sample type Biomarkers (kDa) Biomarkers ID REFS 

Head and n e c k  c a n c e r  
Serum 1 0.065 Metallopanstimulin 1 97 
Tissue 85.893 Annexin V 98 
Tissue 3.442 HNP 1 or a Defensin 1 99 

3.371 HNP 2 o r a  Defensin 2 
3.486 HNP-3 or c~-Defensin-3 
3.700 C-term fragment of Hb-I ~, chain (aa 11 3-146) 
9.973 Acyl CoA binding protein 

11.043 Cystatin A 
11.312 Histone H4 
1 5.150 Hemoglobin c( 
1 5.885 Hemoglobin l~ 
11.744 Calgizzarin or 8100A11 
27.805 Stratifin 

ID: identify; HNP: Hhuman neutrophil peptide; aa: aminoacid; term: terminal. 

in prostate cancer  has ahned at improving the cur- 
rently available PSA screening test. 
An innovative protein biochip immunoas say  has 
been used to quantify and compare se rum PSMA 
(prostate-specific m e m b r a n e  antigen) levels in heal- 
thy men  and patients with either benign or mal ignant  
prostate disease. PSMA was captured from serum by 
anti-PSMA ant ibody bound to ProteinChip arrays, 
then captured PSMA was analyzed by SELDI TO]:'. 
Initial results suggest that se rum PSMA ]nay be a 
more effective b iomarker  than prostate specific anti 
gen for differentiating benign versus mal ignant  
prostate disease (Xiao et a171,72). On the other hand,  
Maliki et a175 in 2005 have demonstrated that an iso 

form of ApoA-II is specifically overexpressed in 
prostate disease. The ability of ApoA-II to detect dis- 
ease in patients with no rma l  prostate specific ant igen 

suggests potential  utility of the marker  in identifying 
indolent  disease. 

Le et a174 reported in 2005 the identification of se rum 
amylotd A as a b iomarker  to dist inguish prostate can- 
cer patients with bone lesions (table 2D). 

C o l o r e c t a l  c a n c e r  

Carcinoembryonic  antigen (CEA) is another  classical 
b iomarker  that is increased in patients with colorec 
tal, breast, lung, or pancreat ic  cancer. As a screening 
test, it can be overexpressed by many  other factors 
than cancer; smoking for instance raises CEA levels. 

However, t racking post-surgery CEA levels for colon 
cancer is an effective way of de te rmin ing  the useful- 
ness of postoperative therapy. 
The combinat ion  of 8ELDI TOF mass spectrometry 
with appropriate bioinformatics tools has been useful 
for f inding ne w  biomarkers  and establishing patterns 
with high sensitivity and specificity for the detection 
and diagnosis of colorectal cancer 7e,77. Recently, 

TABLE 2C. S u m m a r y  of potent ia l  b i o m a r k e r s  in co lorecta l  c a n c e r  identif ied by S E L D I - T O F  M S  

Sample type Biomarkers (kDa) Biomarkers ID REFS 

Colorecta l  c a n c e r  
Cell line 12.000 Prothymosin c( 75 
Serum 31.000 N-terminal fragment of  albumin 78 

6.600 ApoC-I 
28.000 ApoA I 

Serum 6.640 ApoC I 79 
6.433 truncated form of ApoC-I  
8.940 Complement CSa-des-Arg 

89.900 a 1 antitrysin 
50.700 [Cra nsferrin] 2+ 

Tissue, Serum 79.1 00 Transferrin 
8.443 HNP-1 or a-Defensin-1 80, 81 
3.372 HNP-2 or c~-Defensin-2 
3.486 HNP-3 or c~-Defensin-3 

Tissue 11.740 Calgizzarin or $100A11 82 
Tissue 10.840 Heat shock protein 1 0 83 

ID: identify; Apo: apolipoprotein; HNP: human neutrophil peptide; Arg: arginine. 
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TABLE 2 D. Summary of potential biomarkers in prostate, bladder, breast, liver, renal, pancreatic, endometrial, follicular 
and lyrnphema cancer identified by 8ELDI-TOF MS 

Sample type Biomarkers (kDa) Biomarkers ID REFS 

Prostate cancer 
Serum 8.946 ApoA II isoform 73 
Serum 11.488, SAA 1 and isoforms 74 

11.578, 
11.573 

Bladder cancer 
Tissue 10.834 Calgranulin A or S100AS 84 
Urine 3.380 Defensin-c(2 102 

3.450 Defensin-c(1 

Breast GanGer 
NAF 8.000 [Hb l ~, chain] 2+ 90 

15.940 Hb f.} chain 
31.770 Dimer of Hb-l} chain 

Serum 8.100 C-term truncated form anaphylatoxin C3a 91 
8.900 Des Arg anaphylatoxin C3a 

Serum 7.790 High molecular weight Kininogen 92 
9.285 ApoA II isoform 

Liver cancer 
Serum 8.900 C-terminal fragment of vitronectin precursor 94 

Renal cancer 
Serum 9.200 Haptoglobin 1-c~ 95 

11.144 SAA-1 -RSFF 
11.432 SAA-1 -RS 
11.518, SAA1 R 
11.688, SAA 1 

Pancreatic cancer 
Pancreatic juice 16.572 H IP/PAP I 96 

Endometrial cancer 
Tissue 10.843 Chaperonin 10 101 
Tissue 10.834 Calgranulin A 102 
Tissue 9.600 Protein EC1 103 

11.300 Protein EC2 

Follicular lymphoma 
Tissue 32.500 Cyclin DS 107 

Lymphoblastoid lymphoma 
Cell line 4.972 Thymosin l~. 108 

ID: identify; Apo: apolipoprotein; Hb: hemoglobin; HIP/PAP-I: hepatocarcinoma-intestine-pancreas/pancreatitis-associated protein I; SAA: 
serum amyloid oz. Arg: arginine; S: serine; F: phenylalanine; as: aminoacid; term: terminal and EC: endometrial carcinoma. 

Engwegen et al rs identified two btomarkers,  ApoC-I 
and ApoA-I, able to dist inguish colorectal cancer pa- 
tients and healthy controls. The detection of upregu- 
lated e defensins 1, 2 and 5 (HNP1 5) in colorectal 
cancer tissues and sera were reported in two inde- 
pendent  but s imilar  analyses s~ In these studies, 
SELDI TOF MS results in tissue correlated with 
serum levels that were determined us ing ELISA or 
SELDI-TOF. The direct analysis of microdissected tis- 
sue for the discovery of tumor-specific markers  fol- 
lowed by the specific detection of these markers  in 
serum by antibody based methods proved to be a 

successful strategy in this study. Unfortunately,  c(-de- 
fensins levels are also increased in se rum during,  for 
example, infection. Up to 15 new potential b iomark-  
ers have been reported (table 2C). Most of these 
markers  are well  known serum proteins that, some- 
how, now appear in relation to colorectal cancer in 
the referred works. 
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B r e a s t  c a n c e r  

SELDI TOF MS has been applied for the b iomarker  
identification in breast cancer se rum 85. plasma 86-87, 
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t issue 88, nipple aspirate  fluid (NAF) 89,9~ and ducta l  
lavage fluid (DLF) 89, Li et a185 identif ied three s e rum 
prote ins  by pro te in  express ion  profi l ing on se rum 
samples  of ductal  ca rc inoma:  two (8.1 kDa and 8.9 
kDa) up- regu la ted  and one (4.5 kDa) down-regu la ted  
in patients.  Lately,  this group 91 conf i rmed only two 
m a r k e r s  of those  prev ious ly  identified: C- terminal -  
t runca ted  form of CSa(desArg) (8.1 kDa) arid comple  
ment  componen t  C5a(desArg) (8.9 kDa). These bio 
m a r k e r s  are able to d i scr imina te  breast  cancer  
samples  from control  pat ients  (table 9.D). 
Some studies have invest igated the effect of ehemo 
the rapy  induced  in s e rmn  samples .  Heike et a192 
identif ied two se rmn  prote ins  (apol ipoprote in  A-II 
and high molecu la r  weight  kininogen)  re la ted  to ad 
verse effects induced  by  doeetaxel  infusion from pro 
tein express ion  profi les of s e r m n  using SELDI 
ProteinChip system. Although promis ing ,  the poten-  
t ial  of SELDI TOF MS for this appl icat ion has not yet 
been establ ished.  These results  suggest that prote in  
express ion  profi les de te rmined  by SELDI TOE-MS 
represent  useful  data for the identif icat ion of t reat-  
ment  responsive  proteins.  

Other" cancers 

Moreover ,  o ther  studies have demons t ra ted  the feast- 
bilib- of  using mass  spec t rometr ic  p ro teomic  pa t te rn  
analysis for the diagnosis of several  categories of  tu- 
mours,  including lung 95, liver 9+, renal  95 , pancreat ic  9~,~ , 
head and neck 97,99 (table 2B), nasopha lTngea l  l~176 en- 
dometriapO~ ~05, bladderS+j04 106, fol l icular  lympho-  
ma 1~ and lymphoblas to id  l y m p h o m a  ~~ (table 2D). 

C O N C L U S I O N S  

Clinical  medic ine  is unde rgo ing  a revolut ion dr iven  
by an increas ing  under s t and ing  of the h u m a n  geno- 
me, the h u m a n  pro teome,  the access  to h igh- through-  
put techniques  and the advances  in mo lecu la r  bio 

technology.  This  revolut ion should  t ransform cl inical  
pract ice  from popu la t ion -based  risk assessment  and 
empir ica l  t rea tment  to a predict ive,  ind iv idua l ized  
model  based on the molecu la r  classif icat ion of  dis 
ease and r isk of  disease,  as wel l  as targeted therapy.  
In special ,  the field o f p r o t e o m i c s  has y ie lded  a set of 
technologies  and analyt ica l  techniques  that  are signif- 
icantly advanc ing  the field of  cancer  diagnostics.  
These technologies  a l low for efficient means  of iden-  
tifying new b iomarke r s  for the ear ly detect ion of can- 
cer and  p romise  a hope of new serological  sc reening  
methods  for diagnosis.  However ,  such ma rke r s  still 
require  substant ia l  fur ther  val idat ion before be ing  in- 
t roduced into the  cl inical  area. The conf i rmat ion and 
val ida t ion  of these targets  identified should  be per  
formed using al ternat ive methods  such as f festern 

blot t ing or i m m u n o h i s t o e h e m i s t r y  and this ]nay be 
combined  with  a c o m p l e m e n t a r y  t/.NA based t rans  
er iptomie screening  approach.  Once the identif icat ion 
and significant express ion change  of a target pro te in  
has been conf i rmed,  then  fur ther  detai led studies can 
ensue.  
In addit ion,  the analysis  of the funct ional  pa thways  in 
which  the potent ia l  b iomarke r s  have been impl ica ted  
]nay revea l  fur ther  insights  into the mechan i sm of  ac- 
tion, c ross- ta lk  between cel lu lar  pa thways ,  and m a y  
also identify novel  therapeut ic  targets.  The conf i rma-  
tion of  the cl inical  impor tance  of any potent ia l  target  
using samples  from cancer  pat ients  requires  careful ly  
designed exper iments  wi th  adequate  sample  n m n  
bets  wi th  re la t ively  homogeneous  character is t ics .  
Future  i m p r o v e m e n t  in i n s t rumen ta t ion  sensit ivity,  
label ing chemis t r ies  and c h r o m a t o g r a p h y  proce-  
dures  is c lear ly  needed  to enable  rout ine  quant i f iea  
tion of  p ro te ins /pep t ides  by mass  spec t rome t ry  and 
thus, ident i f icat ion of potent ia l  b iomarkers .  Never-  
theless,  the c o m p l e m e n t a r y  in format ion  ob ta ined  
th rough  different methods  should  potent ia l ly  provide  
a bet ter  por t ra i t  of the biological  system under  inves  
t igation. 
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