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Introduction 
The processes of tissue development and homeostasis 
require a strictly regulated balance between cell proliferation 
and apoptosis. Somatic cells proliferate via a determined 
progression through the cell cycle, which is controlled at 
several check points. Apoptosis occurs in a wide range of 
physiological processes, where damaged and unnecessary 
cells are removed. Cancer development and tumor 
progression are closely associated with a dys-regulation of 
cell cycle control and restricted apoptosis. 
Several proteins with well established function in signaling 
pathways take part in these cellular events. The Human 
Genome Project has revealed numerous further proteins of 
yet unknown function. We apply systematic approaches to 
discern information on function and potential cancer 
relevance to these proteins. In our approach, expression 
profiling data from SMP-RNA (gene expression in 
pathological tissue is compared with that in normal tissue) is 
combined with high-throughput cell-based functional assays 
in order to select novel targets for drug discovery. 
 
Project Status 
Assays 
We have established a range of HTS cell-based assays (1) 
that investigate the activity of proteins during different points 
of the cell cycle (Fig. 1). The assays are based on effects 
that are induced by protein overexpression which are 
monitored after transfection and expression in NIH3T3 or 
HEK 293 cells. A proliferation assay measures the effect of 
an overexpressed protein on incorporation of BrdU during 
DNA synthesis (S) phase. The MAP kinase assay detects 
changes in phosphorylation of p42/p44 (ERK1/2) after 
transfection, in the first growth phase (G1). An apoptosis 
assay identifies proteins that affect the activation of caspase-
3. 
 

 
 

Fig 1: HTS-Assays cover cell cycle progression and 
apoptosis. 
 
To study anchorage-independent growth of transformed cells 
we use a sensitive 96-well microplate assay (Fig. 2). In this 
assay, called polyHEMA assay, wells of tissue culture plates 
are coated with poly(2-hydroxyethyl methacrylate) 
(polyHEMA) that prevents normal cells from attachment. 
Cells are suspended in liquid media and then seeded into the 
treated plates. Cell growth is indicated by reduction of a 
tetrazolium dye, such as WST-1. 
In order to determine changes in the invasive potential of 
different tumor cell lines, we use an in-vitro invasion assay 
(Fig. 2). Cells are seeded in their special medium without 
chemoattractant (i.e. fetal bovine serum – FBS) onto the 
matrix, while medium with chemoattractant is placed 

underneath of that matrix. Invading cells are stimulated to 
degrade the matrix with their specific repertoire of enzymes 
and pass through that matrix and reach the chemoattractant. 
These cells are then harvested and counted by FACS. 
 

 
 

 
Fig 2: Assays investigating anchorage independent growth 
(left) and invasion (right). 
 
Proof of principle study 
To close the gap between gene lists that are generated in 
tumor expression profiling studies (SMP-RNA (2)) and the 
identification of novel cancer-relevant proteins, we screened 
100 human proteins (3) identified and cloned in the cDNA 
consortium (4) for their relevance in cell cycle progression. 
We subcloned the ORFs (open reading frames) into 
Gateway compatible expression vectors for generation of C-
terminal and N-terminal fusions (5) with yellow fluorescent or 
cyan fluorescent protein. Encoded proteins were selected for 
analysis based on novelty, and on the differential expression 
of the corresponding genes in tumor tissues. These 
constructs were employed in our functional screen. 
 

 
 
Fig 3: Comparison of BrdU incorporation between 
transfected an non-transfected cells. A: DAPI staining. B: 
Expression of the protein of interest fused to YFP. C: BrdU 
incorporation quantified with Cy5-labeled antibody. 
Fuorescence intensities are recorded for every cell 
individually. 

 

http://www.science.ngfn.de/6_127.htm


Systematic-Methodological Platforms                                                                            Cell           

The assay is based on the effect of protein overexpression 
on BrdU incorporation, which is monitored after transfection 
and expression in NIH3T3 cells with help of fluorescence 
microscopy (Fig. 3). The assay is performed with a pipetting 
robot and all steps of liquid handling are automated. Proteins 
showing an effect in this assay were examined for their effect 
on G1/S-phase transition with the MAPK assay and for 
anchorage independent growth. 
We have implemented bioinformatics tools and databases 

that are suitable to analyze, store and integrate the different 

types of data from high-throughput experiments and to 
include further annotation that is based on external 
information. With this approach we identified 16 novel 
proteins that affect cell proliferation, 7 activators and 9 
repressors. Out of these candidates 3 proteins influence 
MAPK signaling and additional 3 proteins represses 
anchorage independent growth. 
This novel strategy combines genomics with cell biology and 
demonstrates its efficiency by verifying novel cancer relevant 
modulators of the cell cycle. For example, the gene for cDNA 
DKFZp434I0515 was found down regulated in kidney tumors 
by tumor profiling (SMP-RNA), while the gene is expressed 
in normal kidney tissue. Neither any functional information 
nor data about its effect on cell cycle regulation were 
available. Our assay-data showed that the protein inhibits 
proliferation as well as MAPK signaling, making this protein a 
prime candidate for further in-depth studies to investigate its 
role in cancer development and progression. 
 
Current screening and throughput 
Over 200 ORFs have thus far been screened for effects on 
proliferation, MAPK signaling, and apoptosis through flow 
cytometry (Fig. 4), identifying additional cell cycle 
modulators. Currently some 900 ORFs are in our screening 
pipeline, selected through integration of protein networks and 
expression profiling data. Identified candidates are further 
validated through their effects on anchorage independent 
growth and invasion. 
 

 
 
Fig 4: Example ORF: A: The encoded protein activates 
caspase 3 when overexpressed; B The same protein 
represses DNA replication and is an S-phase inhibitor. 

The same set of proteins is currently analyzed in an RNAi 
screen, where potential inhibiting effect of proteins on 
apoptosis induction with staurosporine is investigated (Fig. 
5). That way we complement the data set resulting from the 
screen with overexpressed proteins. 
 

 
 

 
Fig 5: RNAi assay principle (left) for a screen of apoptosis 
inducing proteins complementary to the overexpression 
approach (right). 
 
Outlook 
The identification of novel molecular targets for drug 
discovery is one of the main goals of human genome 
projects. The implementation of high throughput technologies 
has enabled to collect data about novel genes and encoded 
proteins at a large scale. Our systematic approach combines 
novel high throughput cell based assay technologies with 
previously known data to prioritize genes and proteins that 
have the highest potential to be disease relevant. 
Further screening of non-characterized proteins will provide 
a very efficient means for the identification of cell cycle 
relevant proteins, here emphasis will be put on those that are 
potential cancer drug targets. These will be validated in vitro 
and in vivo to select proteins of clinical relevance for further 
validation. 
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