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Abstract

Decoding of the genome information in terms of regulation and function will be the next great challenge
in the life sciences in this millennium and indeed, today we are experiencing a rapid explosion of technology
for the high throughput expression analysis of genes and their products (functional genomics). In
particular, the field of proteomics is booming as proteins are often the functional molecules and represent
important targets for the pharmaceutical industry. The proteomic technology is complex, and comprises a
plethora of state-of-the-art techniques to resolve, identify and detect their interacting partners, as well as to
store and communicate protein information in comprehensive two-dimensional polyacrylamide gel
electrophoresis (2D PAGE) databases. Besides annotating the genome, these databases will offer a global
approach to the study of gene expression both in health and disease. Here, we review the current status of
human 2D PAGE databases that we are systematically constructing for the study of bladder cancer and
skin ageing. r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Undoubtedly, the Human Genome Project has paved the way to the revolution in biology and
medicine that we are experiencing today (Lander et al., 2001; Venter et al., 2001). Decoding of the
genome information in terms of regulation and function will be the next great challenge in the life
sciences in this millennium (Abbott, 1999). Indeed, today we are experiencing a rapid explosion of
technology for the high throughput expression analysis of genes and their products (functional
genomics). In particular, the field of proteomics is booming as proteins are often the functional
molecules and represent important targets for the pharmaceutical industry. In a way, the
discovery process is being accelerated in part by the prospect of translating basic findings into
clinical applications (translational research).
Historically, biochemical studies of proteins have been focussed mainly on the analysis of single

molecules. Today, however, thanks to proteomic technologies it is possible to analyse complex
biological samples and to even contemplate the possibility of embarking on the study of whole
proteomes. The protein universe of a cell is extremely complex and highly diversed and any such
endeavour must take in consideration the large dynamic range of protein expression, post-
translation modifications, protein–protein interactions as well as functional aspects. Obviously,
this is a daunting task that will need to be tackled on a collaborative basis at the international
level.
As the Human Proteome Project is set in place (Peters et al., 2001; Lander et al., 2001; Venter

et al., 2001), there will be an urgent need to store information in proteomic databases that for the
time being use two-dimensional polyacrylamide gel electrophoresis (2D PAGE) as the core
technology. These databases will gather qualitative and quantitative protein behavioural data
generated in various cell types, tissues and fluids and are expected to annotate the human genome.
A list of various 2D PAGE databases available in the Internet can be found in the World-2D
PAGE Index: http://www.expasy.ch/ch2d/2d-index.html. Recently, several companies: Celera
(Service, 2000; www.celera.com), Oxford GlycoSciences (www.ogs.com), GeneProt (www.gene-
prot.com), have independently launched a global study of the human proteome with the aim of
identifying and cataloguing proteins and their isoforms expressed in human tissues and fluids.
This new generation of databases will help researchers to further understand fundamental cellular
processes in cell as well as to select key targets for drug development programmes. The purpose of
this article is to review the current state of our human 2D PAGE databases (http//
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biosun.biobase.dk) which are being systematically built for the global analysis of the human
proteome both in health and disease.

2. Making a 2D PAGE protein database

2.1. 2D PAGEFthe core separation technology

The impact of the proteomic technologies for large-scale monitoring of protein expression
depends very much on the number of proteins to be resolved. Recent data released by the Human
Genome Consortium together with Celera Cenomics estimated that the human genome may
contain about 30 000 protein coding genes (Lander et al., 2001; Venter et al., 2001), a number that
it is far lower than formerly anticipated. However, due to alternative RNA splicing, overlapping
of transcription units and trans-splicing RNA (Labrador et al., 2001), the actual number of
messenger species in eukaryotic genomes far exceed the number of coding units. Current estimates
based on the various assemblies of expressed sequence tags (ESTs) suggest that the average
number of mRNA species might be two to three times higher yielding a putative number of
70 000–90 000 distinct primary translation products (Wheeler et al., 2001; Liang et al., 2000). In
addition, many proteins have isoforms that arise from post-translational processing and
modifications.
Data from a few laboratories, including our own, have shown that only a fraction of the whole

genome is expressed at the protein level in a given cell type (Duncan and McConkey, 1982; Celis
et al., 1991a, b; Celis et al., 1998). With a few exceptions, single human cell types may express in
the range of 5000–6000 different primary translation products plus their modified variants, which
can be extensive in some particular cases (Gooley and Packer, 1997). As much as 80–90% of these
polypeptides may represent housekeeping proteins (components of metabolic pathways,
cytoarchitecture elements, etc.) that are expressed, albeit in variable amounts, by all cell types
(Celis et al., 1991a, b, 1998).
The core technology for making proteomic databases is high-resolution 2D PAGE. This

technique is considered today as the method with the highest resolution for the separation
of complex protein mixtures such as those present in cells, tissues or fluids. (G .org et al., 2000;
Hanash, 2000). 2D PAGE coupled with mass spectroscopy offer today the most widely accepted
format to study protein expression and identity (Corthals et al., 2000; Fey and Larsen, 2001;
Naaby-Hansen et al., 2001). Currently, several alternative approaches are being developed
to achieve high-throughput, that include capillary isoelectric focusing (Shen et al., 2000), multiple-
capillary liquid chromatography (Shen et al., 2001), and large-scale peptide or protein chips
and arrays (Figeys and Pinto, 2001; Emili and Cagney, 2000; Borrrebaeck, 2000; Holt et al.,
2000). None, however, has the resolution and sensitivity of 2D PAGE, which displays thousands
of proteins at a time and allows the quantitative analysis of any single protein in relation to the
rest.
Proteomic research in our laboratory has been mainly based on the use of carrier ampholytes as

originally described by O’Farrell (1975, 1977) and Klose (1975). Even though gels run with carrier
ampholytes are difficult to reproduce, we have standardised the technology to a level that is
possible to obtain reproducible separations of nearly 4000–5000 [35S]-methionine labelled
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polypeptides from whole human cell extracts using broad pH gradients (Celis et al., 1995, 1998,
2000; see also procedures and videos in http://biobase.dk/cgi-bin/celis). Clearly, this number is
still short of the total number of proteins that may be present in an eukaryotic cell. Missing
polypeptides are either not resolved by the pH gradient (too acidic or too basic), do not enter the
gel due to solubilisation problems and/or size, or are present in too low abundance to be detected
with the current detection procedures.
Considerable improvements in 2D gel technology have been made in the last years in an effort

to overcome some of the limitations mentioned above (G .org et al., 2000; Hanash, 2000 and
references therein). In particular, immobilised pH gradients (IPGs: wide and narrow pH
gradients) provide more reproducible focussing patterns, avoid some of the problems associated
with carrier ampholytes (e.g. cationic drift), allow higher protein loading, and offer enhanced
resolution in the first dimension. G .org and colleagues have improved considerably the separation
of very basic proteins (G .org, 1999) using IPGs of very basic pH range and isoelectric pre-
fractionation has been used to enrich for proteins with basic pIs (Zuo and Speicher, 2000).
Appropriate extraction procedures in combination with pre-gel fractionation have been utilised to
enhance the separation and visualisation of integral membrane proteins (Santoni et al., 2000).
Additional developments include also the use of very narrow pH gradients (approximately 0.001
pH/cm), fluorescent dyes (Steinberg et al., 1996,) as well as the advent of various automated 2D
gel matching softwares (Smilansky, 2001 and references therein).

2.2. Image analysis

A systematic analysis of the human proteome with the aim of establishing 2D protein databases
requires in addition to a reproducible 2D gel system, computer-assisted technology to scan the
gels, make synthetic images, assign numbers to individual spots and match gel spots (Plei�ner
et al., 1999; Panek and Vohradsky, 1999; Smilansky, 2001). In addition, one needs functions to
enter and retrieve qualitative and quantitative information. The first step in making a database is
to prepare a synthetic image (digital form of the gel image) of the gel (autoradiogram, Coomassie
blue or silver-stained gel, fluorogramm) chosen as a standard or master reference. This can be
done with laser scanners, charge couple devices (CCD), array scanners, television cameras,
rotating drum scanners and multiwhire chambers. Various softwares for the analysis of 2D
protein gel images and processing of data have been developed, they include: PDQUEST
(BioRad), MELANIE 3 (Swiss Institute of Bioinformatics), ProXPRESS (Perkin-Elmer),
PHORETIX (Nonlinear Dynamics Ltd), Z3 (Compugen) and several others, that provide
different levels of automation and speed.
In our workstation, autoradiograms are scanned with a laser scanner and the data are analysed

using the PDQUEST II software running on a SPARK station computer from SUN
Microsystems, Inc. The scanner measures intensity in the range of 0–2.0 absorbance. Today
more accurate quantitative data can be obtained by using a phosphorimager. Steps in image
analysis include: image acquisition, initial smoothing, background subtraction, final smoothing,
spot detection and fitting of ideal Gaussian distributions to spot centres. Spot intensity is
calculated as the integration of a fitted Gaussian. If calibration strips containing individual
segments of known amount of radioactivity are used, it is possible to merge multiple exposures of
the sample image into a single data image of greater dynamic range. Once the synthetic image is
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created it can be stored on disk and displayed directly on the monitor for editing. To our
knowledge, none of the softwares available on the market provide full automatic analysis of 2D
gel images. The editing process is time consuming and can only be performed by operators that
have extensive experience in the analysis of 2D gel images. Functions that can be used to edit the
images include: cancel (for example to erase scratches that may have been interpreted as spots by
the computer; cancel streaks or low-dpm spots), combine (sometimes a spot may be resolved into
several closely packed spots), restore, uncombine and add spot to the gel.
Each polypeptide is assigned a number by the computer, a fact that facilitates the entry and

retrieval of qualitative and quantitative information for any given spot in the gel (Celis et al.,
1995, 1998). The standard image can be matched automatically by the computer to other standard
or reference gels provided a few landmark spots are given automatically or manually as reference
to initiate the process. Proteins are matched according to their gel position and additional means
to verify their relatedness are needed before one can take full advantage of the data. Once a
standard map of a given protein sample is made, one can enter qualitative and quantitative
information to establish a reference or master database (see, for example, http:/biobase.dk/cgi-
bin/celis). Categories or entries are created so as to gather information on physical, chemical,
biochemical, physiological, genetic, architectural as well as biological properties of proteins. In
general, entries reflect the type of biological problem that is being studied using the database
approach.

3. Human 2D PAGE databases (http://biobase.dk/cgi-bin/celis)

As a result of a long-term and systematic effort to analyse the human proteome in health and
disease, we have established several comprehensive 2D proteomic databases for the study of
global cell regulation. The databases, which focus on skin biology and bladder cancer, gather
protein data on non-cultured cell types such as keratinocytes (Celis et al., 1992, 1995) and
transitional and squamous cell carcinomas of the bladder (Celis et al., 1999b), as well as urine
(Rasmussen et al., 1996).

3.1. The human keratinocyte database

The human keratinocyte 2D PAGE database (Celis et al., 1995, http://biobase.dk/cgi-bin/celis)
is the largest of its kind available today. It currently list 3629 cellular (2315 isoelectric focusing,
IEF; 956 non-equilibrium pH gradient electrophoresis, NEPHGE), and 358 externalised
polypeptides (IEF). Fig. 1 shows the synthetic master 2D PAGE images (IEF and NEPHGE))
of non-cultured human keratinocyte proteins as depicted in the World Wide Web (http://
biobase.dk/cgi-bin/celis). Proteins flagged with a redcross correspond to polypeptides that have
been identified using the various technologies described below under protein identification. The
database offers extensive search and listing facilities for data retrieval as well as various options
for image manipulation.
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Fig. 1. Master synthetic images of human keratinocyte proteins separated by IEF (A) and NEPHGE (B) 2D PAGE as

depicted in the World Wide Web. Proteins flagged with a red cross correspond to known proteins. PCNA/cyclin is

indicated with a green mark as an example. By clicking on any spot, it is possible to open a file that contains protein

information as well as links to other related WWW sites.
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3.1.1. Protein identification

Proteins resolved on the 2D gel/blots have been identified using a combination of techniques
that include mass spectrometry (Wilm, 2000; Roepstorff, 2000; Mann et al., 2001), 2D PAGE
Western blotting (Celis and Gromov, 2000) and Edman degradation of internal peptides (Bauw
et al., 1989; Vandekerckhove et al., 1990). Today, however, only some of these procedures are
being used and are briefly discussed below.

3.1.1.1. Mass spectrometry. Mass spectrometry is today the technique of choice for
protein identification as it requires picomoles levels of the proteins. There are several formats
of this technology, namely: MALDI-TOF, Q-TOF, electrospray ionisation and several others
that have been developed during the last years having in mind sensitivity and high-through-
put analysis (Wilm, 2000; Roepstorff, 2000; Mann et al., 2001 and references therein).
Peptides can also be sequenced using mass spectrometry (MS–MS), a fact that greatly
facilitates the identification of unknown proteins as well as cloning. Recently, Gygi
and colleagues described a novel approach based on the isotope-coded affinity tag
(ICAT) labelling of proteins that highly enhanced the potential of mass spectrometry for
accurate quantification and identification of individual proteins in complex mixtures (Gygi et al.,
1999).
In our laboratory, we use MALDI-TOF mass spectrometry for peptide mass fingerprinting as

well as for partial peptide sequencing (MS–MS). Routinely, we are able to identify proteins in
total cell lysates in the range of 10–20 fmol per spot (up to 1 ng).

3.1.1.2. 2D PAGE Western blotting of low-abundance proteins. The detection and identification
of low-abundance proteins in proteome studies is currently considered as a major bottleneck
in large-scale proteomics. Protein levels in cells are often predicted by examining the codon
bias value of the particular gene as this parameter reflects the probability of selectively utilising
certain codons (Futcher et al., 1999). Thus, it has been estimated that proteins exhibiting
codon bias values of o0.2 may be expressed in approximately 10 000 protein copies per cell
and are considered as low-abundance proteins that cannot be detected without
pre-run enrichment. Recently, Fey and Larsen (2001) resolved about 10 000 [35S] methionine-
labelled proteins from yeast including low-abundance proteins with the codon bias ofo0.2. Even
though the authors used broad pH range gels and a protein load of o100 mg they were able to
apply MS–MS to identify low-level proteins (Fey and Larsen, 2001).
In our laboratory, we have used immunoblotting coupled with enhanced chemoluminiscence

(ECL, Amersham) detection to reveal components that are present in as few as 500 molecules per
cell. The latter is exemplified in Fig. 2 which shows an ECL developed 2D gel Western blot of
crude keratinocyte extract reacted with antibodies raised against p21H�ras, a protein that is known
to be expressed in about 20 000 molecules per cell (Scheele et al., 1995). The corresponding area of
the 35S-methionine autoradiogram is shown for comparison.
The amplitude of the intensities of the various p21H�ras spots shown in Fig. 2 indicated that the

low-abundance product marked with an arrow may be present in no more than 500 molecules per
cell. This technology reveals in addition the extent of the modification(s) and can effectively
complement mass spectrometry and metabolic labelling with specific radioactive precursors to
determine the nature of the modifications. Given the rapid progress in phage display strategies for
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preparing thousands of highly specific antibodies, we believe that ECL immunodetection will play
an important role in the identification of low-abundance proteins.

3.1.1.3. Protein overlay. Protein-targeting interactions play a central role in most biological
processes. Their detection and analysis in vitro can provide important information on specificity,
affinity, and structure–function relationships. Protein blot overlay assays (also known as ‘‘Far-
Western’’, ‘‘Western–Western’’, ‘‘ligand’’, or ‘‘affinity’’ blotting) are very powerful techniques for
detecting and analysing proteins or protein motifs involved in cellular-targeting processes. These
methods are based on the principle that proteins (or protein fragments) resolved by
electrophoresis and transferred to an immobilising matrix (nitrocellulose or nylon membrane)
can be probed with putative binding partners followed by subsequent detection of the complexes
formed. Many probes can be used as putative binding partners, including metal ions, nucleotides,
nucleic acids, hormones, proteins, antibodies, viruses and cells.
Overlay procedures have been successfully applied to a wide range of protein–protein

interactions, such as kinase anchoring (Hausken et al., 1998) and ligand protein interactions using
Ca+2 (Hoffmann et al., 1998), GTP (Gromov and Celis, 1998), and nucleic acids (Dejgaard and
Celis, 1998). Fig. 3 illustrates the 2D gel mapping of Ca+2 binding proteins and small GTP-
binding on nitrocellulose blots. Using this approach about 40 small GTP-binding proteins have
been detected and recorded in the human keratinocyte database.
Drawbacks of the procedure include: (i) weak binding of some proteins to the immobilising

matrix; (ii) loss of reactivity due to denaturing effects and (iii) some protein complexes are usually
formed in specific microenvironments that are difficult to reproduce in in vitro studies. Despite of
these limitations, protein overlay coupled with the 2D PAGE can be effectively used for
confirming suspected interactions as well as for identifying new binding partners.

3.1.2. Entries, annotations and links

As mentioned above, categories or entries are created so as to gather information on physical,
chemical, biochemical, physiological, genetic, architectural as well as biological properties of
proteins. In general, they reflect the type of biological problem that is being studied using the

Fig. 2. 2D gel ECL immunodetection of p21H�ras and their modified variants expressed in human keratinocytes. Left:

2D gel Western blot of human keratinocyte proteins reacted with a monoclonal antibody against p21H�ras and

developed using the ECL procedure. Right: A corresponding autoradiograph of [35S]methionine-labelled proteins

obtained from the same blot (see left). The positions of the p21H�ras variants are indicated with arrows.
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database approach. Some of these entries are also available in other databases accessible at the
Web site.
At present, about 100 information categories are available in the World Wide Web version of

the IEF keratinocyte database, including protein name, cellular localization, proteins
differentially regulated in differentiated keratinocytes, proteins expressed in other cell types, heat
shock proteins, proteins affected by interleukins (1-a; 1-b; 2, 3, 6, 7 and 8), proteins affected by
interferons (a; b and g), proteins differentially regulated in keratinocytes treated with various
chemicals (calcium, okadaic acid, phorbol myristate acetate, retinoic acid, staurosporin),
transformation sensitive proteins, levels in foetal human tissues, etc.
Categories for post-translational modifications like ‘‘phosphoryl’’ and ‘‘glycosyl’’ include data

for those proteins that are either phosphorylated or glycosylated. Co- and post-translationally
modified variants can be distinguished from the primary translated products by in vivo labelling
of the proteins with the corresponding isotope-labelled metabolite followed by 2D PAGE. Once a
radiolabelled ligand is covalently attached to the protein, it can be detected on a gel or in a blot
using autoradiography or phosphorimage. Metabolic radiolabelling is carried out by incubating
cells with the radiolabelled compound under appropriate conditions. Fig. 4 illustrates two-
dimensional profiles of phosphorylated (phosphoproteome, Fig. 4A), glycosylated (glycopro-
teome, Fig. 4B), palmitoylated and myristoylated (lipoproteome, Fig. 4C and D), farnesylated
and geranylgeranylated proteins (lipoproteome, Fig. 4E and F) from human AMA cells, a cell
type for which the comprehensive proteome database was established in our laboratory in 1991
(Celis et al., 1991b).
By superimposing the 2D gel pattern of chemically modified protein isoforms with the 2D gel

master [35S]-methionine image, it is possible to pinpoint the position of protein variants on the
master image. Post-translational modifications in most cases lead to changes in molecular weight

Fig. 3. Protein blot overlay of Ca-binding proteins (left image) and small GTP-binding proteins (right image) expressed

in human keratinocytes. Proteins were identified by mass spectrometry and by comparison with the master 2D-gel

protein image.
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Fig. 4. Two-dimensional gel (IEF) fluorographs of transformed epithelial human amnion cells (AMA) labelled with (A)

[32P]-orthophosphate (phosphoproteome), (B) [3H]-mannose (glycoproteome), (C) [3H]-palmitate (lipoproteome), (D)

[3H]-myristate (lipoproteome), (E) [3H]-farnesyl (lipoproteome) and (F) [3H]-geranylgeranyl (lipoproteome). Several of

the identified proteins are indicated with arrows. Arrowheads indicate proteins that are modified by two types of

ligands: palmitate and myristate (C and D), and farnesyl and geranylgeranyl (E and F).
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and/or pI and the use of very narrow IPGs (up to 0.001 pH units) may allow resolving protein
variants that differ slightly in their electric charge. The exact type of modification can be then
characterised by mass spectrometry which is the most powerful tool for determining the nature of
the modified isoforms (Larsen and Roepstorff, 2000 and references therein).
In general, nearly all of the information contained in the database has been gathered

from experiments performed in our laboratory. Files for known proteins contain links to a
subset of Medline (http://www.ncbi.nlm.nih.gov/PubMed/), Swiss-Prot (http://expasy.hcuge.
ch/sprot/sprot-top.html) and PDB (http://www.embl-heidelberg.de/pdb/). Other links
include OMIM (http://www. ncbi.nlm.nih.gov/Omim/), GeneCards (http://bioinformatics.weiz-
mann.ac.il/cards), UniGene (http://www.ncbi.nlm.nih.gov/UniGene/index.html) and other
Web sites such as CySPID (cytoskeletal protein database; http://paella.med.yale.edu/Bpanzer/
cytoskdb/index.html), metabolic pathways (compiled by KEGG; http://www.genome.ad.jp/
kegg/), the cytokine explorer (http://kbot.mig.missouri. edu:443/cytokines/explorer.html),
histology images (http://biosun.biobase.dk/Bpdi/jecelis/micrographs.html), etc. In the
future, as new databases and related Web sites become available, it will be possible to
navigate throughout various databanks containing complementary information on nucleic
acid and protein sequences, genome mapping, diseases, protein structure, post-translational
modifications, antibodies and cellular localization of the antigen, signalling pathways, histology,
etc.
Information obtained on any given polypeptide, known or unknown, can be easily retrieved

from the database by clicking on the corresponding spot, in this case the proliferating cell nuclear
antigen (PCNA) (Fig. 5).
Only a small fraction of the file is shown. PCNA, also called PCNA/cyclin, was the first protein

discovered by the 2D gel technology for which it was possible to guess a function by performing
simple cell biology experiments (Celis et al., 1984, 1987; Celis and Bravo, 1984; Zuber et al. 1989).
This protein showed S-phase specific expression (Fig 6), and patterns of immunostaining using
autoantibodies colocalised with autoradiographic patterns of tritiated thymidine incorporation
(Fig. 7).
These data suggested that PCNA/cyclin most likely played a role in DNA replication, a

suggestion that was later proved correct (Miura, 1999; Warbrick, 2000 and references therein).
Functions to query the databases include search by name, protein number or keywords,

molecular weight and pI, as well as organelle or cellular component (Fig. 1, right-side panel).
Also, all proteins recorded in a given entry can be easily queried. As an example, Fig. 8 shows a
list of all proteins recorded in the keratinocyte database that can be retrieved when choosing the
entry ‘‘autoantigen’’. By clicking on the protein name it is possible to display its position on the
2D image.
Using other functions listed in Fig. 1, it is possible to flip (important as gels are presented and

analysed in different orientations by various laboratories) and enlarge the master synthetic image,
as well as to retrieve a list of known proteins and categories available.
To facilitate the comparison between keratinocyte proteins run with carrier ampholytes and

IPG’s, we provide in the gel gallery section of the Web site IPG gel images that can be compared
directly to the master keratinocyte image. One hundred known polypeptides have been selected
for reference (Fig. 9). The images can be retrieved in both orientations: basic to acidic and acidic
to basic.
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Fig. 5. File for the proliferating cell nuclear antigen (PCNA). Only some of the entries available in the Internet version

of the database are presented.
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3.2. 2D protein databases for the study of bladder cancer

2D PAGE databases of TCC and SCC proteins have been established with the long-term goal
of unravelling the molecular mechanisms underlying tumour progression (Celis et al., 1996,
1999a, b). So far, nearly 700 tumours of various grades and stages have been analysed by 2D gel

Fig. 7. Immunofluorescence (PCNA antibodies) and autoradiographic analysis ([3H]-thymidin incorporation) of

asynchronous transformed human amnion (AMA) cells. AMA cells were levelled with [3H]-thymidine (30min, 2 mCi/
ml) fixed with methanol and probed with anti-PCNA antibodies. The immunofluorescence pictures (right) were taken

prior to autoradiography (left). From Madsen and Celis (1985).

Fig. 6. Synthesis of [35S]methionine-labelled PCNA in synchronised HeLa cells. Synchronised cells were obtained by

mechanical detachment of mitotic cells. (A) S-phase (B) G1-phase. The positions of PCNA and a tropomyosin are

indicated with arrows. From Celis et al. (1987).
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protein profiling. So far, several biomarkers have been identified which might be valuable for a
more accurate classification of superficial lesions and may facilitate the identification of
individuals at risk. We have shown that the expression of a number of proteins including
adypocyte-type FABP, GST-m; PDGH and keratin 13 strongly correlates with a particular step of
TCC progression (Celis et al., 1996, 1999a). In addition, several differentiation markers (keratin
10, keratin 14, PA-FABP, stratifin, galectin 7 and psoriasin) have been found to be associated
with SCC differentiation (Østergaard et al., 1997; Celis et al. 1999b). We are also in the process of
establishing a comprehensive 2D gel database of urine proteins with the aim of identifying protein
markers that may prove invaluable for the non-invasive follow-up of patients, as well as for early
detection and staging.

Fig. 8. Proteins recorded in the keratinocyte database that can be retrieved from the category ‘‘autoantigen’’. Only a

fraction of the file is shown.
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3.3. 2D gel and blot galleries

To facilitate the comparison of protein expression profiles between various human tissues and
cells, we have included in the Web site an extensive gallery of reference 2D gels that include
cultured and non-cultured cell types, normal human tissues and tumours, fluids, subproteomes
from organelles and fractions, post-translational modifications as well as comparisons (normal vs.
SV40 transformed keratinocytes, psoriatic vs. normal keratinocytes, differentiated vs. normal
keratinocytes, keratinocytes treated by various interferons, interleukins and growth factors, etc.).
We also provide a gallery of 2D gel immunoblots that underline the value of the 2D gel
technology to determine antibody specificity, as well as to reveal post-translational modifications.
In addition, we present a ZOO-PLANT gallery that contains proteome profiles of cell types from
various species. Protocols and videos are included to facilitate and reproduce the data displayed.

4. Concluding remarks

Recent advances in protein identification technologies, in particular mass spectrometry, have
made possible the establishment of proteomic 2D PAGE databases that link protein and DNA

Fig. 9. File showing a 2D gel autoradiograph of [35S]methionine-labelled human keratinocytes proteins resolved in

broad-range IPG 3-10. One hundred proteins are indicated as reference.
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mapping and sequence information and that offer an effective route to drug discovery by
pinpointing signalling pathways and components that are deregulated in particular diseases. With
the integrated approach offered by 2D PAGE databases, it is now possible to reveal and identify
phenotype-specific proteins, sequence them, assign partial protein sequences to genes for which
the full DNA sequence and the chromosome location are known, and to study the regulatory
properties and function of groups of proteins that are co-ordinately expressed in a given biological
process. Human 2D PAGE databases are expected to provide an integrated picture of the
expression levels and properties of the thousands of protein components of organelles, pathways,
and cytoskeletal systems, both in health and disease and are expected to address problems that
cannot be approached by DNA analysis, namely, relative abundance of the protein product, post-
translational modification, subcellular modification, turnover, interaction with other proteins as
well as functional aspects.
There are still many additional challenges that will have to be addressed before complete

proteomic projects can be implemented to the study of diseases. These include, to name a few, the
heterogeneity of biopsy material, the need to develop better image analysis systems for supporting
gel comparisons, quantitations and databasing, determination of interacting partners, functional
aspects, as well as the luck of procedures for identifying and functionally characterising targets
that lie in pathway of disease. The latter shortcoming is of paramount importance to the
pharmaceutical industry, as the identification of disease disregulated targets alone is not sufficient
to start a drug screening process. Laser capture microdissection (LCM), a recently developed
technique, provides an ideal method for rapid and reliable extraction of cells (or groups of cells)
from a given tissue section in which the exact morphologies of both the captured cells and the
surrounding tissue are preserved. Recently, it has been shown that proteins could be recovered
from laser captured microdissected tissue in a form that is suitable for 2D PAGE analysis and
mass spectrometry (Lawrie et al., 2001; Moskaluk, 2001). To that end LCM coupled with 2D gel
proteomics would have a considerable impact for authentic proteomic profiling and databasing of
human tissues both in health and disease.
Clearly, we have gone a long way from the establishment of the first manual proteomic

databases (Bravo et al., 1981), and we expect that these resources will be instrumental to the life
sciences in this millennium.
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