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Review

Proteomics as a Tool for Detection of Nuclear Matrix Proteins and
New Biomarkers for Screening of Early Tumors Stage

P. OEHR

Department of Nuclear Medicine, University of Bonn, Germany

Abstract. Nuclear martrix proteins are involved in control and
co-ordination of gene expression. They have been isolated by
extraction procedures, followed by gel electrophoresis and
matrix- or surface-enhanced laser desorption and ionisation,
with direct detection of retained proteins by time-of-flight mass
specirometry. Some nuclear matrix proteins from tumor tissues
demonsirated tumor-specific  expression  which led o the
development of highly tumor-specific nuclear matriv protein
assays. In bladder cancer, NMP22 is twice as sensitive as
evtology in detecting early stage cancers, and up to 90 % sensitive
and 99% specific. NMPI179 in squamous intraepithelial cervical
lesions detects high-grade lesions with 96% sensitivity. Recently
new technological approaches using ProteinChips, tracer-free
biomolecular interaction, mass spectroscopy and nanotechno-
logy have helped to successfully identify and apply specific
biomarkers for cancer of the prostate, breast and colon and to
develop new approaches for simultaneous screening of early
cancer with several new biomarkers.

There is an increasing interest in exploiting the power of
proteomics as an interface between genomic data and
biological function. The emphasis during the last decade was
on genomics. The term genome refers to the entire set of
genes of a species. Genes encode proteins. The proteome is
the expressed protein complement of a genome and pro-
teomics is functional genomics at the protein level. Pro-
teomics can be divided into expression proteomics, the study
of global changes in protein expression, and cell-map
proteomics, the systematic study of protein-protein inte-
ractions through the isolation of protein complexes. Pro-
teomes are not stationary and they are more complex than
genomes.

Genome sequencing provides a wealth of information on
predicted gene products (mostly proteins}), but the majority of
these have no known function. Two-dimensional gel
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electrophoresis and mass spectrometry have, coupled with
searches in protein and EST databases, transformed the
protein-identification process (1).

Proteomics is the large-scale study of proteins. There is
considerable activity in  development of proteomic
technologies, which are now being incorporated into oncology
in the postgenomic era. By comparison of normal and tumor
tissue, genes that are differently expressed in tumors have
been identified. As a conséquence, genomics has expanded
the field of biomarkers in molecular oncology, and
proteomics is complementing genomics in the area of
pathology, molecular diagnosis and  anticancer drug
development.

The simplest definition of a biomarker is a molecule that
indicates an alteration in physiclogy from normal. A more
practical definition of a biomarker would require clinical
utility of this molecule. In this sense, the biomarker would
specifically and sensitively reflect a disease state and could be
used for diagnosis as well as for disease monitoring during
and follewing therapy. The need for such biomarkers in all
clinical fields is urgent, since the current arsenal of
biomarkers is deficicnt and, in most cases, non-specific.

Recent comparative studies of global protein expression in
normal tissue and in human tumors have led to the
identification of biomarkers (here tumor markers) useful as
diagnostic tools for cancer of various organs including the
brain, esophagus. breast, liver, cervix, prostate and bladder.
Demonstration of tissue- or cell type-specific expression of
tumor-specific nuclear matrix proteins has led to development
of nuclear matrix assays for diagnostics. The nuclear matrix A
cell fraction that would today be termed "the nuclear matrix"
was first described by the Russians Zbarskii and Debov in
1948 and rediscovered as a fundamental organizing principle
of eukarvotic gene expression by Berezney and Coffey in 1974
(2, 3). The nuclear matrix is the non-chromatin protein and
ribonucleoprotein network that is left in the nucleus following
the removal of membrane, cytoskeletal and chromatin
elements. Among the best characterized nuclcar matrix
proteins are the lamins A, B and C, which definc the nuclear
membranc. These proteins comprise part of what is known as
the peripheral nuclear matrix. Two internal nuclear matrix
proteins have been well characterized: nuclcar mitotic spindle
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apparatus protein (NUMA) and the DNA relaxing enzyme
topoisomerase 11. Both proteins are found on the matrix in
interphase cells and relocate to the chromosomes during
mitosis.

An extensive actual review on the nuclear matrix has been
presented by Pederson (3), whereas the following review
refers especially to nuclear matrix proteins and their
importance for cancer detection. Several types of cancer have
revealed discrete alterations in their respective nuclear
matrices. One potential application of these nuclear matrix
changes is the development of detection and monitoring tests
that would reveal the presence of abnormal cells. These tests
could be utilized at a number of points in the disease process
including prior to gross physical symptoms, and thereby
significantly reduce patient morbidity and mortality. A second
potential application of the nuclear matrix is to utilize it as a
tissue-specific protein targeting system to address narrowly
directed therapeutic treatments and thereby avoid the
systemic side-effects from broad-spectrum therapies like
radiation.

Methods for detection and identification of low abundance
specific proteins

The field of proteomics is expanding rapidly due to the
completion of the human genome and the realization that
genomic information is often insufficient to comprehend
cellular mcchanisms. In rccent years, tcchnologies in
microfluidic and array technologies have appeared for
proteomics. These novel approaches might help solve the
technical challenges in proteomics. For detection of nuclear
matrix proteins, samples are generally pretreated to remove
lipids, immunoglobulin and human serum albumin. After-
wards, fractionations are made by NaCl gradients. The
fractions can be analyzed by electrophoresis and/or applied to
proteinchips. Protein profiles from proteinchips can be made
by mass maps from mass spectroscopy. By comparison of
protein profiles from tumor samples to tumor-free samples,
tumor-specific proteins can be selected, sequenced and
identified in databases.

Gel electrophoresis

Two Dimensional Polyacrylamide Gel Electrophoresis (2D-
PAGE). Despite being first used more than 25 years ago, 2D-
PAGE remains a basis of proteomics research. However, 2D-
PAGE is labor intensive, time consuming and therefore not
suitable for large scale screening or clinical testing, and
difficult to standardize among laboratories. That is why it has
not been useful for the routine analysis of large numbers of
samples. It is also limited due to lack of sufficient analytical
sensitivity, which was overcome by several new technologies.
About ten years ago, different applications of mass spectro-
metry in addition to 2D-PAGE gave the necessary resolution
to characterize the isolated proteins.
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Capillary Zone Electrophoresis (CZE). Proteins in the
subpicomole range are collected in 1 - 2pl. volumes in
microcentrifuge tubes and then mixed with matrix solution
and can then be transferred to the sample probe of the mass
spectrometer.

Mass spectrometry (MS)-associated methods

Matrix-assisted  Laser Desorption  Ionisation-time of Flight
(MALDI-TOF): In MALDI-TOF analysis, proteins that have
been digested to a complex mixture are affixed to a solid
metallic matrix, desorbed with a pulsed laser beam to
generate gas-phased ions that traverse a field- free flight tube,
-and are then separated according to their mass-dependent
velocities. By the use of different matrix mixtures, all peptides
in a mixture can be detected. MALDI-TOF is a highly
sensitive method for analyzing even large proteins intact and
it is suitable for automation. Individual proteins and peptides
can be identified through the use of informatics tools to
search protein and peptide sequence databases (1), This
method requires only a few masses to uniquely identify the
protein. Typically this technique is used in conjunction with
2D-PAGE or capillary electrophoresis.

Surfuce-Enhanced  Laser  Despiptionflonisation  (SELDI):
SELDI is an affinity-based MS method in which the proteins
are selectively adsorbed to a chemically modified chemical
surface. Impuritics arc removed by washing, an cnergy
absorbing matrix is applied and the proteins are identified by
laser desorption mass analysis (4). A commertcial SELDI
system {Ciphergen Biosystems, Inc., Freemont CA, USA) bas
been developed that is based on ready made arrays of
addressable binding sites on multisample strips. These
ProteinChip® (Ciphergen Biosystems) arrays are available
with different chemically defined surfaces that permit protein
binding based on hydrophilic, ionic, or hydrophobic intera-
ctions or on affinity for metal chelates, so that a range of
protein classes may be identified in a relatively simple
screening strategy. SELDI has been used to detect prostate
cancer-associated biomarkers in complex protein mixtures
such as cell lysates, serum and seminal plasma (5, 6).

Ion Mobility Mass Spectrometry (IMMS): IMMS is a high-
throughput protein analysis system, which should atlow
researchers to develop mew generations of mass spectro-
meters that rapidly characterize thousands of proteins from
complex biological samples, such as blood, serum or cell
extracts. '

Biomolecular Interaction Analysis (BIA}) Mass Spectroscopy:
Impressive progress has been made with nano-electro-
mechanical systems. An example is the recent rcalization of
microfabricated silicon cantilevers functionalized with a
selection of biomolecules in order to provide molecular
recognition (7). They report the specific transduction, via
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surface stress changes, of DNA hybridization and receptor-
ligand binding into a direct nanomechanical response of
microfabricated cantilevers. Cantilevers in an array were
functionalized with a seléction of biomolecules. The diffe-
rential deflection of the cantilevers was found to provide a
true molecular recognition signal despite large non-specific
responses of individuat cantilevers. Hybridization of
complementary oligonucleotides shows that a single base
mismatch between two 12-mer oligonucleotides is clearly
detectable. Similar experiments on protein A-immuno-
globulin interactions demonstrate the wide-ranging appli-
cability of nanomechanical transduction to detect biomo-
lecular recognition.

In an important distinction, BIA and SELDI are highly
complementary techniques: BIA allows the determination of
affinity binding while SELDI contributes to protein mass-to
charge ratio and protein identification capabilities.

Synchrotrones: A detailed knowledge of the protein structure
will help in understanding specific differences between
normal and cancer-specific proteins for diagnosis and to
develop drugs targeted to specific types of cancer. One tool
for exploring proteomics is the 3-dimensional characte-
rization of proteins by X-ray crystallography, using the
pattern of a scattered X-ray beam, Synchrotrones generate
most intensely focused X-ray beams focused on a very small
spot, allowing the resolution of structures in the future faster
and morc casily than using traditional methods.

Protein sequence, data-banks, specific polyclonal and monoclonal
antibodies: Proteins proven to be tumor-specific after
comparison of protein profiles from extractecd samples of
normal, benign or tumor origin which were ¢.g, separated by
two dimensional gel electrophoresis and characterized by mass
spectrometry, have been isolated and sequenced. Often these
proteins are difficult to isolate and tend to be only partially
characterized. In order to raise antibodies for immunoassays,
the DNA-scquence information has often been characterized
in databanks. For this special case, the Genovac company (a
spin-off from the Institute of Immunobiology at the University
Freiburg, Germany) developed a method called “genetic
immunisation”. This method raises antibodies against proteins
based solely on their genetic sequence. Using an eukaryotic
expression  vector, rescarchers introduce the genetic
information for the test protein into the animal. As a result, the
immunized animal cells produce the protein. The animal
recognizes the protein as foreign, which triggers an immune
response. As a result, between eight and twelve weeks after
researchers introduced the genetic information, the animal
produces polyclonal antibodics against the test protein.
Genovac removes the antibody producing cells from the
animal, which fuse with murine (mouse) myeloma cells. This
can result in immortalized hybridomas producing antibodies
against the protein of interest. Cloning yields a stable cell line
that produces just one type of antibody. A genetic immu-

nization does not need the target protein, only the DNA
sequence, and this approach could be an important step
forward in proteomics.

Nuclear matrix proteins, assays and their clinical relevance

The nuclear matrix is involved in control and co-erdination of
gene expression during differentiation. Loops of chromatin
are persistently as well as transiently attached to this network.
It has been proposed that each chromatin loop constitutes an
independent regulatory unit containing several genes. DNA-
replication, transcription, RNA processing and transport and
the regulation of DNA superhelicity have been shown to be
associated with this nuclear matrix. Nucleoplasm has
elements of internal nuclear structure: actin-binding nuclear
proteins, nonmuscle actin, nuclear lamins and nuclear pore
complex-associated proteins are filaments extending 100-350
nm into the nucleus. Mitogenic stimulation and induction of
differentiation alter the composition of nuclear matrix
proteins, however there are certain matrix proteins shared by
all cells:
1. Common sets of matrix proteins: 12 major proteins,
including lamins, protein B23 and matrins (8).
2. Main subfractions: a) peripheral: proteins that remain
insoluble after reduction; b) intemal: proteins released after
reduction (9).
3. Major internal nuclear matrix proteins, common to
diffcrent human ccll types. The twenty-five most abundant
proteins represent 75% of total nuclear matrix protein (10).
However modern research using physical approaches
revealed key developments during the past years and no
filaments or any sort of polymer-appearing structures are
typically seen in the interchromatin space of unextracted
nuclei. Nuclear RNA seems to move by diffusion in the
interchromatin space and nucleoplasm secms to be a
concentrated sea of individual protein molecules (3). That is
why the biological rcality of the nuclear matrix remains
uncertain. Nevertheless, nuclear matrix proteins have already
been shown to be a tool to detect cancer in a variety of tumor
entities, and the development of tumor-associated nuclear
matrix proteins has facilitated the clinical management for
early diagnosing of some types of primary cancer. Demonstra-
tion of tissue or cell type-specific expression of tumor-specific
nuclear matrix proteins has led to development of nuclear
matrix assays for diagnostics.

NMP22 for detection of urinary bladder cancer: NMP22 is a
nuclear protein which was analyzed and isolated by 2D-
PAGE. 1t is responsible for chromatid and daughter cell
separation in cellular replication (11). NMP22 has been
approved by the US FDA (Food and Drug Administration) as
an adjunct to cystoscopy and an aid in diagnosis, follow-up
and screening of urinary bladder cancer and employs void
urinary samples. This makes NMP22 the 2nd screening tool in
genitourinary (GU) practice (after PSA) to obtain FDA
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screening approval, which was recently also obtained for
Japan and China. NMP22 is a non-invasive test for voided
urinary sample and this feature puts it in a league of its own
in GU screening altogether (12).

Two completely different test kit systems have been
devcloped, a laboratory based EIA test, and an instrument-
free point of care (POC) format test kit (Bladder Check®).
The Matritecch® NMP22 assay (Matritech Corp., Newton,
Mass., USA) and the DPC Immulite (license by Matritech)
are laboratory-bascd EIA tests for the quantitative detection
of NMP22 in a stabilized voided urinary sample, Urine
stabilization is achieved by collection into pretreated vial
containers. The Matritech® NMP22-EIA assay is performed
in approximately 3-4 hours. The automated DPC laboratory
version enables a much faster performance within 30 to 60
minutes. The Matritech-POC test is an instrument-free assay
employing 4 drops of voided urinary samples without
stabilization and the assay is performed in about 30} minutes.
The performance of the POC test format was compared to
the Matritech® NMP22 EIA format in a precision study (13).
Fresh urine samples were collected from 196 individuals at
urology clinics. An aliquot of each sample was applied to a
POC test. The development of a line at the "Test” mark was
considered a positive test result. An additional aliquot was
stabilized and tested by the NMP22 Test Kit to quantify the
NMP22 concentration. When measured by the microplate
format, 16 urine samples had an NMP22 concentration
greater than 12.0 Units/ml; ninc samples had a conceatration
within the POC threshold range of detection (between >8.0
Units/m|l but <12.0 Units/ml); the remaining 171 urine
samples had an NMP22 concentration less than or equal to
3.0 Units/ml. Fifteen of the 16 urine samples with an NMP22
concentration greater than 120 Units/ml gave a positive test
result with the point-of-care test (94% concordance). One
hundred and sixty-three of the 171 urine samples with an
NMP22 concentration <8.0 Units/ml gave a negative test
result with the point-of-care test (95% concordance). The
overall concordance between the two assay formats was 95%.

Significantly, the expression of NMP22 has been reported
to demonstrate a 25-fold increase in bladder tumors
compared to normal bladder epithelia (14).

The Matritech® NMP22 assay is superior to voided urine
cytology in the detection of transitional cell carcinoma (TCC)
of the bladder. According to Lee (15), the sensitivity of the
NMP22 test (75.7%) is significantly better than that of voided
urine cytology (55.7%). There was no significant differcnee
between the specificity of NMP22 and that of urine cytology.
Sozel et al (16) published that NMP22 results represented
significant improvement over urinary cytology. The sensitivity
of NMP22 for the detection of TCC in this group of patients
was as much as twice that of cytology, especially in low-grade
TCC.

In another investigation by Miyanaga et al (17). the
sensitivity of the NMP22 test for urothelial cancer was 90.9%
whereas the sensitivity of voided urine cytology was only 54,5%.
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Zippe et al (18) reported that NMP22 is a sensitive, cost-
effective test in patients at risk for bladder cancer. The
sensitivity and specificity of the NMP22 test were compared
with urinary cytology, and the results of both tests were then
compared to cystoscopic findings. The sensitivity of NMP22
was 100% with a specificity of 85% at a reference value of 10.0
units per ml, while cytology had a sensitivity of only 33% and
specificity of 100%. Given a negative predictive value of 100%
for NMP22, a cost savings of $28,302 to $111,072 (depending
on the type of insurance carrier) would have been achieved if it
was used alone as the indication for cystoscopy.

The sensitivity of the Matritech® NMP22 assay has been
published by many international authors. Sensitivity and
specificity depend on the patient group with respect to stage
and grade, as well as cut-off level determined by the
investigators. Table T gives a limited overview, demonstrating a
range of sensitivity from 61 % to 90%, with a corresponding
specificity between 70% and 99%. Detailed analysis by
Sanchez-Carbayo {19) indicates that the sensitivity in detecting
pTa and pT1 disease is around 719 with a specificity of 98.8%,
and the sensitivity to detect pT2-4 tumors increases to 92.6%
with a specificity of 93.8%. In this study, 2 out of 3 paticnts with
carcinoma in situ were also detected. In a recent report by
Sanchez-Carbayo (20), monitoring of the disease with urinary
tumor markers in 106 bladder cancer patients could detect
recurrence sooner than scheduled cystoscopies in 84% for
NMP22 out of 21 patients who recurred during follow-up. The
most relevant finding was that persistencee of negative urinary
markers during follow-up was largely indicative of disease-free
status in 87% of these patients. Although false- positive results
were present, they were mainly associated with sporadic
urinary tract infections in 13% of the cases. Monitoring of
bladder carcinoma paticnts with serial urinary tumor
markers could therefore anticipate detection of recurrence.
Persistent negative results might postpone and reduce the
number of cystoscopies (20). Once the limitations leading
to false-positive results are controlled by urinalysis and by
starting sample collection when basal levels are reached in
patients with intravesic therapy, urinary tumor markers
might eventually individualize the intervals between
cystoscopies in the surveillance of patients with bladder
carcinoma (20).

Screcning: Of the 608 patients 329 (87%) presented with de
nove hematuria or chronic voiding symptoms without a
diagnosis of bladder cancer, there were 79 (13.0%) paticnts
being monitored with a known history of bladder cancer. In 135
patients with increased NMP22 values the 46 identified tumors
were accompanied by 89 false-positive values vyielding a
specificity of 83.9% and a positive predictive value of 34. 1 %.
These false-positive results were divided into 6 clinical
categories. Exclusion of these categories improved the
specificity and positive predictive value of NMP22 10 99.2%
and 92.0%, respectively, viclding results similar to urinary
cytology (99.8% and Y4.1 9%). Awareness and exclusion of the
categories of false-positive results can increase the specificity
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Table L. Investigations for se}';sitiviry and specificity of NMP22 in voided urinary samples.

Source Ref. Sensitivity Specificity % Patients Cut-off (U/ml)
Carpinito (24 B8 70 353 6
Landman (25) 81 77 47 &

Del Nero (26) 83 77 30 (pTa} 6
Poulakis 27 83 94 739 8.25
Soloway (28) 70 79 125 18

Zippe (18) 100 85 330 10

Akaza 29 26 79 183 12
Miyanaga . A1 90 76 309 7 12
Sanchez-Carbayo (19) 78 95 267 13.7

and positive predictive value of NMP22, enhancing the clinical
use of this urinary tumor marker (2 1).

A mnew bladder cancer-specific nuclear matrix protein
(BLCA-4) was recently studied in urine samples of patients
with TCC using immunoblot analysis. The BLCA-protein was
detected in 75% (9 out of 12) of the tumor samples and in
100% of normal appearing tissue of the same bladders. It was
not detected (0 out of 11) in bladders from organ donors.
Using an ELISA test BLCA-4 can be detected in urine
samples. All patients with bladder cancer could be separated
from healthy individuals. The authors conclude that BLCA-4
is the first cancer-specific marker which is able to distinguish,
absolutely, patients with TCC from those without the discase
(22). However, studies with larger groups of cancer patients
and controls are still necessary.

NMP 179 for detection of squamous intraepithelial cervical
lesions: NMP179Human cervical cancer-associated nuclear
matrix proteins were isolated on the base of high resolution
two-dimensional gel electrophoresis. Keesee ef al. (23, 30)
compared nuclear matrix protein patterns in cervical
carcinomas with those from normal cervical tissue. Tumors
obtained from 20 patients undergoing hysterectomy for
clinically localized cervical cancer were compared - with
normal cervical tissue. They identified five polypeptides
(CvC-1: Mr = 69,408 Da, pl = 5. 78; CvC-2: Mr = 53,752 Da,
pl = 5.54; CvC-3: Mr = 47,887 Da, pl = 5. 60; CvC-4: Mr
=46,006 Da, pl = 5.07; and CvC-5: Mr = 44,864 Da, pl = 6.6
1) in the nuclear matrix from cervical carcinomas that were
present in 20 out of 20 cervical tumers. partially present in
lung or colon cancer, but {f out of 10 normal tissues (Table

II). These data extend similar findings of cancer-associated
nuclear matrix proteins in other human cancers and suggesi
that nuclear matrix proteins may represent a new class of
cancer markers. One of those tumor-associated nuclear
matrix proteins from invasive squamous cell cervical carci-
nomas was further characterized by partial amino acid micro-
sequencing, exhibited homology with a nuclear phospho-
protein, a ¢cDNA clone was selected and recombinant protein
was expressed, purified and used as an immunogen for
antibody production.

One of the generated monoclonal antibodies, NMP 179,
was evaluated in a preclinical feasibility study for the early
detection of high-and low-grade cervical intraepithelial
neoplasia. In a blind study involving two clinical sites, NMP
179 immunocytochernical staining data from 261 cervi-
covaginal Thin-Prep specimens were evaluated. The assay
sensitivity and specificity were calculated based upon a
positive threshold of > 10 immunostained cells per case,
using cytological diagnosis as an end-point. Based upon the
examination of squamous epithelial cells, NMP 179 detected
96.7% of cases with cytologically-diagnosed high-grade
squamous intraepithelial lesions (HSIL) and 70.5% of low-
grade squamous intraepithelial lesions. The antibody also
reacted with 29.6% of normal (within normal limits or benign
cellular changes) smears. The NMP 179 assay detected HSIL
with very high accuracy (96.7%). The assay was 79.3%
sensitive for the detection of low- and high-grade cervical
intracpithelial neoplasia (grades 1-3), with a specificity of
70.4%, NMP179. This makes NMP 179 an effective marker
for the early detection of preneoplastic squamous
intraepithelial lesions of the cervix and it may be useful as an
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Table 1. Matrix proteins diseribution in cancer and normal cells.

vC* 1 2 3 4 5
Tissues N

Cervix cancer 20 20120 20020 20720 20720 20720
Lung cancer 7 37 317 57
Colon cancer 7 - 217
Normal tissue 10 -

Table based on data from Keesee (23). *CvC 1 - 5: S polypeptides present in 20 human cervical cancer tissues.

adjunctive tool for better management of cervical intra-
epithelial neoplasia (30).

New approaches for screening of biomarkers for cancer of the
prostate, breast and colon: Cancer-specific serum protein
markers for breast cancer were identified by a multistep
screening strategy described by Watkins et al (6). Sera from
patients with proven cancer disease (prostate, breast and
colon) were compared with sera from cancer-free controls.
After removal of IgG and HSA, human serum was separated
into 12 to 14 fractions by ion exchange chromatography. Each
fraction was applied to five different SELDI chip surfaces in a
process known as "retentate mapping". These 60 to 70
samples were analyzed with a Ciphergen Biosystem PBS I
mass spectrometer to identify specific peaks corresponding to
putative cancer-associated proteins that were only found in
the cancer samples. Candidate mass peaks were identified by
comparing spectra generated from each preparation of cancer
sera to the corresponding preparations from healthy sera. A
protein was defined as a cancer-associated protein if it was
found in all investigated cancer samples but not in any of the
cancer-free controls. In the next step, one or two cancer-
associated proteins were selected for further analysis. The
serum sample sets were expanded to include different stages
of malignancy or different types of benign disease. The new
serum samples were processed as described to determine
whether the cancer-associated protein was present in each
sample. Sequence information on several of the most
promising markers has been obtained through large-scale
separation and MS/N4S sequence analysis, using SELDI- MS
to track each protein through the purification process.

Prostate cancer (50.8 kD protein marker): Watkins et al. (6)
used sera from 36 patients, 20 healthy subjects and 4 different
chip surfaces. Table III gives an example for mass peaks from
14 ion exchange salt fractions/serum samples from prostate
cancer which showed seven candidate proteins (Table 111}, A
50.8 kD protein identified with the WCX2 ProteinChip was
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Table 1. Selection of prostate cancer protein markers from NaCl ion
exchange [ractions from a Pak® Mono-Q column by comparison of
fractions from sera of prostate cancer patients to fractions from sera of
timor-free persons.

Mass (MZ) [NaCl1] Chip Prostate Ca. Healthy
(kKDA) (mM) Surface peak detected (PSA < Zng/mL)
21.31 125 H4 95 25

2276 175 IMAC3 100 10

25.49 125 WCX-2 65 0

25.55 100 H4 85 25

50.76 125 WCX2 100 0

50.71 125 IMAC3 75 ]

58.66 0 IMAC3 55 10

Table based on data from Hlavaty (33).

found in all 36 men previously identified with prostate cancer,
it net in any of the healthy controls. The identification of
the 50.8 kDa serum polypeptide is in progress. Eight of those
men with cancer who were correctly identified with the 50.8
kD serum protein had been missed by the serum test for PSA,
a blood marker routinely used to screen men for prostate
cancer. The PSA test has an average sensitivity of about 70%,
with a high rate of false-positives that include benign lesions.
New developments demonstrate that the serum TOF-MS
assay as a new prostate cancer marker was found to be 96
percent accurate,

Breast cancer (283 kD protein marker): Nuclear matrix
proteins show promise as informative biomarkers in following
the pathogenesis of breast cancer. Altered profiles in nuclear
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matrix proteins associated with DNA in sie during pro-
gression of breast cancer cells were reported by Spencer ef al.
(30). The results suggest that progression of breast cancer is
accompanied by a reorganization of chromosomal domains,
which may lead to alterations in gene expression {31).

In a similar approach (fractionation, SELDI-MS) as
described for prostate cancer, Watkins ef al. (6) sclected
and identified a 28.3 kD protein with a IMAC-Ni’
ProteinChip in the 50-mM NaCl ion exchange fraction. The
protein correctly detected 41 out of 41 (100%) metastatic,
lateral stage and early stage cancers/and ruled out 27 out of
228 (96%) of the nonmalignant controls. This IS protein,
designated NMP66, has been selected for further study
and validation as a putative diagnostic marker for breast
cancer.

Colon cancer (13.8 kD protein marker): In a similar approach
(fractionation, SELDI-MS) as described for prostate cancer,
Watkins ez al. (6) selected (ProteinChip SAX?2) and identified
a 13.8 kD protein for colon cancer, using sera from 51
patients with benign, malignant, or premalignant colon
discase, which were compared to 20 sera from healthy
controls that had neither overt cancer nor polyps. The protein
was found in all the sera from patients with colon cancer or
precancerous pelyps, but not in any sera from cancer-free
controls or individuals with other benign intestinal disorders
such as Crohn’s disease or ulcerative colitis. Eight of the men
with cancer who were correctly identificd with the 50.8 kD
serum protein had been missed by the serum test for prostate-
specific antigen (PSA), a blood test routinely used for
screening men for prostate cancer. The PSA-immunoassay
test has an average semsitivity of about 70%, with a rate of
talsc-positives including benign disease,

Screening, diagnosis and menitoring of cancer requires
quantitative detection of multiple proteins. It is obvious that a
combined screening of PSA, the 50.8 kD Protein and possibly
other new biomarkers might lead to improved results, giving
information on differentiation, precancerous stages, inva-
siveness or prognosis of a detected cancer disease. In order to
do this successfully, there are two problems to be solved:
SELDI-MS-TOF is time-limiting and commercial immu-
noassays using tracers are not optimal for high throughput
mass screening, However, these limitations might be
overcome. Development of the above described BIA-MS has
shown that, when specific biomolecular binding occurs on one
surface of a microcantilever beam, intermolecular nano-
mechanics bend the cantilever, which can be optically
detected by a jaser beam position-sensitive detector. In a
recent publication (32), a tracer-free bicassay of (free or
complexed) PSA using microcantilevers was developed. Using
200um to 60 pin-long and 50um to 65um-thick cantilevers, it
is possible to determine PSA concentrations in a range from
0.2ng/ml to o60pg/ml in a background of human serum
albumin and human plasminogen at 1mg/ml, making this a
clinically relevant high-throughput label-free  microarray

diagnostic technique, including simultaneous determination
of several new biomarkers for cancer.
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