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carriers of I157T (1.3%). The frequency of the I157T allele among the Byelorussian patients was higher than among the 
random controls (24/424, 5.6%; OR 5 4.5, 95% CI 1.6–13.2, p 5 0.005). When stratified by family history, I157T was 
identified in 6/96 Byelorussian patients with a first-degree family history of breast cancer (6.3%), which was higher than in the 
population controls but not significantly different from the frequency in the whole breast cancer cohort (5.6%, p 5 0.82). 
Median age at first diagnosis was not significantly lower in carriers of I157T (41.5 years) than in non carriers (43 years, p 5 
0.51). The IVS211G>A allele was less frequent than the I157T allele. It was not found among the 307 Byelorussian 
population controls but was present in 4 of the 424 breast cancer patients (0.9%), all with premenopausal disease. One of 
the 4 Byelorussian patients with IVS211G>A reported a first-degree family history of breast cancer. These results strongly 
suggest that the I157T mutation and perhaps the IVS211G>A mutation confer an increased breast cancer risk. Based on the 
ORs and carrier frequencies, the estimated fraction of breast cancers attributable to the I157T variant would be 4.3% in the 
Byelorussian population, whereas the potential contribution of the IVS211G>A allele is limited by its low frequency.  

 
Fig. 1. Identification and confirmation of the CHEK2 gene mutations IVS211G>A and I157T by screening of PCR 
products using restriction enzymes ScrFI and PstI (upper figure, S, size marker; P, heterozygous patient; C, wild-type 
control) and subsequent direct sequencing of PCR products from heterozygous patients (lower panel, sense strand 
with N designating the mutated position). 

The physiologic impact of both mutations is corroborated by the observations that the IVS211G>A mutation results in 
an aberrantly spliced CHEK2 mRNA encoding a truncated protein and that the FHA domain mutation I157T, although it 
leaves some residual functions disturbs substrate binding and interferes with wildtype CHEK2 in a dominant-negative 
manner While our results clearly demonstrate a role for the CHEK2 mutation I157T in inherited breast cancer susceptibility, 
we have not detected a further increase in the frequency of this allele in familial breast cancer In summary, we have 
analyzed the impact of 2 functionally relevant CHEK2 mutations, I157T and IVS211G>A, in 2 independent case-control 
series from the German and Byelorussian populations. Our results indicate that the I157T missense substitution and 
probably the IVS211G>A splicing mutation are associated with increased breast cancer risk. 
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One of the mechanisms of external signal transduction (ionizing radiation, toxicants, stress) to 
the target cell is the existence of membrane and intracellular proteins with intrinsic tyrosine kinase 
activity. No wonder that etiology of malignant growth links to abnormalities in signal transduction 
through tyrosine kinases. The epidermal growth factor receptor (EGFR) tyrosine kinases play 
fundamental roles in development, proliferation and differentiation of tissues of epithelial, mesenchymal 
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and neuronal origin. There are four types of EGFR: EGF receptor (ErbB1/HER1), ErbB2/Neu/HER2, 
ErbB3/HER3 and ErbB4/HER4. Abnormal expression of EGFR, appearance of receptor mutants with 
changed ability to protein-protein interactions or increased tyrosine kinase activity have been implicated 
in the malignancy of different types of human tumors. Bioinformatics is currently using in investigation 
on design and selection of drugs that can make alterations in structure or competitively bind with 
receptors and so display antagonistic characteristics. 

Bioinformatics is a powerful tool that will dramatically accelerate the process of drug development by providing insight 
into structure potential targets. Efforts of bioinformatics are under way to develop treatment strategies that target specific 
sites of signalling molecules or their downstream effectors. This type of therapy has great potential, as it relies on blocking 
specific molecules rather than the traditional chemo- or radiation therapy. 

A malignant tumor is the product of uncontrolled cell proliferation. Cell growth is controlled by a delicate balance 
between growth-promoting and growth-inhibiting factors. In normal tissue the production and activity of these factors results 
in differentiated cells growing in a controlled and regulated manner that maintains the normal integrity and functioning of the 
organ. The malignant cell has evaded this control, the natural balance is disturbed (often after exposure to different 
ecological factors via a variety of mechanisms) and unregulated, aberrant cell growth occurs. A key driver for growth is the 
epidermal growth factor (EGF) and the receptor for EGF (the EGFR) has been implicated in the development and 
progression of a number of human solid tumors. Tyrosine phosphorylation of EGFR represents the language that these 
receptors use to transduce the information carried by the external signals. Inhibition of the EGFR thus provides a rational 
target for anticancer therapy. Therefore, one of the approaches of bioinformatics in cancer therapy is to intervene with growth 
factor signalling pathway. There are two approaches in cancer therapy drug design: monoclonal antibodies and small 
molecule inhibitors of the EGFR tyrosine kinase enzyme. 

MAbs has the tumor-inhibitory potential. Its mechanism can be explained by intrinsic activity of antibodies and 
recruitment of effector cells of the immune system. Genetic manipulations of mAbs, using chimerization and humanization 
modified the antibodies in a way that enables evasion of immunogenecity in humans. For example, the anti-HER2 mAb 
Herceptin has an antiproliferative effect on cells transformed by overexpression of HER2 and is an effective treatment for 
human breast cancer. The structure of HER2 and the Herceptin Fab fragment provide a basis for the design of new 
therapeutics to target HER2.So antibodies raised specifically against the juxtamembrane region of EGFR may prove more 
likely to modulate EGFR behavior, and knowledge of the precise Her2-Herceptin contacts may allow design or selection of 
Herceptin variants with higher affinity and improved therapeutic properties [1]. Another anti-HER3 antibody, known as 
pertuzumab represents a second generation of anti-HER2 mAbs that interfere with the mechanism of oncogenic signal 
generation by HER2-HER3 heterodimer. 

The second strategy is the identifying rationally designed small-molecule anticancer drugs. The therapeutic approach 
to targeting the EGFR with small-molecule ATP-competitive inhibitors is based on abrogation of receptor tyrosine-kinase 
function. The most effective EGFR inhibitors are derived of a generic quinazoline. For example, gefitinib was designed to 
selectively inhibit EGFR1. In addition, irreversible inhibitors are under development. These compounds covalently bind a 
cysteine residue uniquely located within the ATP-binding cleft, thereby allowing permanent kinase inhibition [2]. The 
combinatorial chemistry and genetic engineering will able improve the quality of synthetic compounds and recombinant 
molecules currently used for therapy. 

Some new experimental approaches are under development. 
A group of chaperones constantly regulates the conformation of protein kinases (EGFR is stringently controlled by the 

heat shock protein 90 chaperone). Several natural and synthetic compounds can block the amino terminal ATP/ADP-binding 
pocket of Hsp90, thereby accelerating replacement of the stabilizing chaperone complex with a destructive assembly [3]. 
Bioinformatics proposes approaches to increasing selectivity of chaperone blockers. 

Some adenoviral proteins are using in gene therapy. HER2/neu overexpression can be repressed by attenuating the 
promoter activity of the HER2/neu gene. There are some potent transcriptional regulators discovered, including the 
adenovirus type 5 E1A that is able to repress HER2/neu gene expression. Expression of this transcriptional regulator 
resulted in downregulation of HER2/neu promoter activity and reversed the transformed phenotype of the cancer cells in 
vitro [4]. 

Antisense technology exploits oligonucleotide analogs to bind to target RNAs via Watson-Crick by hybridization. 
Once bound, the antisense agent either disables or induces the degradation of the target RNA. Antisense agents may also 
be used to alter splicing. 

siRNA-technology is based on mRNA degradation mediated by small double-stranded RNA molecules approximately 
21 nucleotides in length, the so-called short interfering or siRNAs. These molecules are produced from long dsRNAs by 
Dicer, a dsRNA-specific endonuclease, and cause specific degradation of their mRNA-targets by Watson-Crick base-pairing 
within a 300 kD multi-enzyme complex named RISC Treatment of cells with HER2 specific small interfering RNA, induces 
down-regulation of HER2 mRNA and protein which results in growth arrest and apoptosis. 

RNA aptamers are oligonucleotides that bind to molecular targets in a manner conceptually similar to antibodies. 
These molecules have the potential to selectively inhibit EGF receptor signalling and might become valuable as anticancer 
agents [5]. 

The introduction of appropriate targeted therapies resulted in unprecedented clinical benefits. However, some 
difficulties (including severe adverse effects) appeared in using abovementioned drugs. It is hoped that individualized, 
expression profile-based adjustment of drug will improve the treatment efficacy. The future therapy will likely involve a 
combination of target-specific agents tailored to particular tumors. 

Despite the abundance of different methods where bioinformatics play considerable role, all of them are based on 
inhibition of signal transduction through EGFR. Further studying will result in appearance of new methods and therefore new 
ways of cancer therapy. 
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The 5-HT4 receptor was first described as a serotonin receptor that stimulates adinilatecyclases 
in cultured collicular neurons. Whereas the molecular and functional characteristics of 5-HT4 receptors 
have been recently extensively studied, the mechanisms underlying receptor desensitization and 
endocytosis are still poorly understood. We have investigated and compared the effect of continuous 
agonist exposure on the wild type human 5-HT4 receptor and its mutants on palmitoylation sites when 
expressed in Chinese hamster ovary (CHO-K1) cells. Fusion proteins were generated by attachment of 
green fluorescent protein (GFP), and confocal microscopy experiments in intact living cells semi-stably 
expressing the constructs were performed. Incubation of cells in the presence of serotonin (10 μM) for 2 
h showed profound receptor internalization in variants with mutations on palmitoylation sites. 

5-hydroxytryptamine (5-HT) or serotonin is an important neurotransmitter involved in a wide range of processes in the 
central and peripheral nervous system. The influence of the environmental factors leads to disturbances in the serotonin 
signaling. Most frequently it occurs during stress and depression, degenerative brain diseases, alcoholism, deep anesthesia, 
inflammatory processes. The physiological functions of serotonin are mediated by a large number of G protein coupled 
receptors (GPCR) that activate multiple heterotrimeric G-proteins. Among the 5-HT GPCR, only three (5-HT4R, 5-HT6R, and 
5-HT7R) are positively coupled to G-protein that activate adenylate cyclase (Gs). This activation results in protein kinase A 
(PKA) stimulation [1]. The recent studies have shown that 5-HT4 receptor also is coupled to Gα13 protein. Activation of the 5-
HT4 receptor Gα13 signaling pathway results in modulation of gene transcription and rearrangement of actin cytoskeleton 
through the small GTPase [2]. 

Cellular responses to agonists are usually rapidly attenuated. This agonist-mediated loss of functional response, 
termed desensitization, is the consequence of a combination of different mechanisms, such as the uncoupling of the receptor 
from heterotrimeric G proteins in response to receptor phosphorylation, and the endocytosis of cell surface receptors to 
intracellular membranous compartments [3]. 

Signaling proteins are often modified by covalent attached lipids, in particular palmitic acid. Recent studies showed 
that palmitoylation and depalmytiolation is dynamically regulated and could have important functional consequences for 
signaling. In GPCRs, the functions of palmitoylation cover the wide spectrum of their biological activities: from coupling to G-
proteins and regulated endocytosis to receptor phosphorylation and desensitization. We have shown that 5-HT4 receptor is 
dynamically palmitoylated at its C-terminal Cys residues 328 and 386 [4]. 

The aim of this work was to study the endocytic process of 5-HT4 receptors expressed in Chinese hamster ovary 
(CHO-K1) cells after agonist stimulation, and to elucidate the role of receptor palmitoylation. 

Internalization of G protein-coupled receptors is proposed to be a mechanism for receptor desensitization. Therefore 
we studied the endocytic mechanisms in living CHO-K1 cells semi-stably expressing constructs 5-HT4-GFP (Green 
Fluorescent Protein). 

For fusion protein (FP) constructs between 5-HT4 receptor (wild type, mutants Cys328 → Ser, Cys386 → Ser, Cys328 → 
Ser/ Cys386 → Ser) and GFP Kpnl restriction site was added to 5-HT4 gene by PCR. The product was cloned in to pdEGFP–
N1 vector (Clonetech, USA). Correct orientation of the insert was proved with BamHI restriction digest. 

Cells were observed using laser scanning confocal microscopy (Zeiss LSM510 META). The 5-HT4-GFP was excited 
using 488-nm argon/krypton laser. 

Living cells were incubated in the presence of 10 μM 5-HT for 2 h, and laser scanning was performed every 
15 min. 

In order to respond to the rapid physiological changes in agonist concentration, activated G protein-coupled receptors 
must be inactivated and then restored for stimulation. The acute regulation at the level of receptor, termed desensitization, is 
characterized by the waning of a stimulated response in the presence of continuous agonist exposure [5]. An important 
aspect of the receptor desensitization process is the endocytosis of agonist-activated receptors into the intracellular 
membrane compartments of the cell. The generation and expression of fusion proteins containing modified forms of the GFP 
from A. victoria have recently revolutionized protein imaging studies and provided a powerful tool to study the kinetics and 




