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Catalogue of Cancer Genes — The First Step to
Winning the Fight against Cancer
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Abstract--- Performance of an important task of creating a detailed catalogue of cancer genes will allow to
select an optimal cancer therapy for each patient. To catalogue cancer genes, mutating with high (>20%) and
medium (2-20%) frequency, 200 “tumour-norm” pairs on average for each gene should be analysed, i.e. about
100000 pairs for the most common types of cancer. Nowadays, the problem is no longer insoluble, since the cost of

DNA sequencing has decreased a million fold over the last 10 years and will continue to decrease more.
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I. INTRODUCTION

Everyone remembers that cancer begins from mutations, disorders in the DNA sequence [1-3], after which the
cell starts to divide uncontrollably. However, there are multiple types of cancer, and each one has its specific
mutations, distinguishing only this particular type. But there are mutations that, vice versa, prove to be fairly
universal and are found in many tumours. Furthermore, there are just mutations, which are perhaps detrimental, but

have nothing to do with cancer.

To date, cancer ranks second among the reasons of human death, following only cardiovascular diseases [15,16]
(every year, approximately 8 min. people die worldwide from cancer), and in some developed countries, for
example, in Denmark, cancer has already taken the first place. Cancer is a complex, dynamically developing disease
of more than 200 known types and forms. Each of them requires an individual approach, individual treatment
strategy. At the genetic level different cancers are characterised by various “architecture: sets of somatic mutations,
chromosome rearrangements, and such epigenetic anomalies, as alteration of gene methylation profile. As a result,
the activity of genes and (or) their products changes. Detailed data on the anomalies, related to occurrence and
development of cancerous tumours, are needed to diagnose and effectively treat cancer, to define an optimal therapy,
and develop new anticancer agents. The objects of studies involve anomalies in molecular DNA, RNA, and protein
structure and epigenetic anomalies (methylation, in particular). It has been this approach, which has been adopted as
a general strategy, implemented by several national and international consortia, incorporating dozens of institutions,

universities, and clinics. It should finally lead to creation of more effective treatment agents, which will
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accommodate, for example, not only genetic effect of mutation, but its influence on epigenetic processes.

I1. MATERIALS AND METHODS
The paper specifies the classification of genes, involved in carcinogenesis, pathways of their activation; “The

Cancer Genome Atlas” Consortium review.

I11.RESULTS AND DISCUSSION
Maximum progress has been made and the most valuable results have been obtained as a result of searching for

genes, related to initiation, development, and maintenance of malignant transformation of cells [12,17]. A delicate
equilibrium should be maintained in the organism between the activity of genes and their products, which, on the
one hand, ensure growth and division of cells, and on the other hand, prevent them from growing and dividing with
no limits. An excessive activity of the first or suppression of the function of the second result in uncontrollable
growth of cells, occurrence and development of neoplasms, or cancerous tumours. Cancer-related genes can be
classified as oncogenes and anti-oncogenes (tumour suppressors), the products of which can, respectively, promote

or supress oncogenesis. MicroRNA (miRNA) - short (~22 nucleotides on average) non-coding RNAs hold a special

place. To date, about 2000 different microRNASs have been identified. They are able to suppress mRNA translation,

read from 30-60% of human genes. Certain microRNAs (oncomiR) facilitate malignant transformation of cells,

others can function as anti-oncogenes. Normal gene-protooncogene, which promotes the growth of cells constantly
or at the certain stages of the organism development, can be transformed into oncogene. Transformation of
protooncogene into oncogene occurs due to relatively minor modification of its natural function. There are the

following major ways of protooncogene activation:

1. Mutation inside protooncogene or in its regulatory elements, which changes the structure of protein and
increases the activity of its coded protein (enzyme) or enhances the expression of the corresponding gene.

2. Increasing protein concentration due to an increase in its stability in the cell, an increase in the half-life and,
respectively, an increase in the activity.

3. Gene duplication (an increase in the number of copies), which results in the increased concentration of
protein in the cell.

4. Translocation of gene, which causes strengthening of its expression or emergence of aggressive hybrid gene.
Oncogenes are, e.g., Ras (abbr. from Rat sarcoma) family genes, GT phases, involved in transmitting the
signals that promote division of cells. The function of anti-oncogenes is opposite to that of proto-oncogenes.
Anti-oncogenes control different processes impeding malignant transformation of cells:

1) Suppression of excessive expression of genes, ensuring proliferation of cells.

2) DNA reparation (damages in DNA, when reparation is suppressed, intensify mutagenesis and, as a result,

activation of proto-oncogenes and inactivation of anti-oncogenes).

3) Coordination of proliferation of cells with DNA reparation. If DNA reparation is suppressed, they impede

the cell division and trigger apoptosis.

4) Controlling adhesion and mechanisms of contact inhibition of dividing cells.
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Generally speaking, anti-oncogenes set a barrier to the unlimited growth of cells. Loss of anti-oncogene function
destroys this barrier. The most well-known anti-oncogene, which frequently mutates in cancerous tumours of
multiple types, is TP53 [4,5]. The TP53 product is a phosphoprotein, regulating transcription of a number of
different genes. It is inactive in the normal cell. In case of extreme events, it becomes active and serves as a

“genome guardian”, fulfilling various anticancer functions:

1) Activation of DNA reparation system.
2) If DNA is damaged, TP53 impedes mitosis of dividing cells, blocking transition from G1-phase to S-phase
and providing the reparation system with the time to eliminate damages.
3) Failing elimination of DNA damages, TP53 initiates apoptosis, the program of cell death.
If cancer is caused by proto-oncogene, to activate this proto-oncogene on one of the two paired cell
chromosomes is usually enough. However, if cancer emerged due to loss of anti-oncogene function, mutations or

loss of both its copies are mostly required.

By now, about 300 oncogenes and tumour suppressors have been identified [7,9,18-20]. Cancer genes have been
sought using comparative sequencing, i.e. sequences of nucleotides in DNA of tumours are compared with those in
normal tissues, and then somatic mutations, missing in DNA of the normal tissue, are identified, which are found
more often than just random events. This strategy is implemented in several stages. First, it is required to obtain the
samples of tumour tissue from patients with a definite diagnosis and thoroughly described disease course. Here, the
samples should be, whenever possible, free from normal cells. Samples of a patient’s normal tissue or blood are used
for comparison. DNA is extracted from the tumour and normal tissue and studied using sequencing. In recent years,
sequencing has often been performed using platforms of new generation, which enable sequencing human genome
quickly and relatively inexpensively. The results of comparative sequencing are further analysed applying specially
developed fairly complex mathematical and bioinformatic methodologies. The main purpose of these projects
implies creation of the detailed catalogue of the genome structure anomalies associated with initiation, proliferation,
and maintenance of cancerous neoplasms. Such a catalogue will allow not only to obtain multiple new data on
molecular biology of cancer, but to improve the methods for cancer diagnostics, treatment, and prevention, to define
new targets for developing anticancer agents. Systematic studies in this direction have already enabled identifying
many new cancer genes and even whole classes of cancer genes. To date, the data have already been analysed,
obtained using large “tumour-normal tissue” samples for more than 30 forms of cancer. The most significant
progress is demonstrated by the Consortium mostly working for the USA institutions and universities, named “The

Cancer Genome Atlas” [5] meaningfully abbreviated as TCGA — the same letters are used to designate four

nucleotides, the components of DNA. Established in 2005, TCGA regularly publishes the results of its studies in the
leading scientific journals. It turns to be impossible to tell about all the Consortium publications herein. The authors
will present only the results from the last article devoted to squamous cell carcinoma of the head and neck. This
heterogeneous group of cancers is the sixth by the incidence rate and amounts to ~ 5% of all cancers worldwide. 348
authors were involved in the studies. 279 “tumour-norm” pairs were analysed. Most tumours related to human
papilloma viruses, had mutations in the helical domain of the PIK3CA oncogene. New anomalies were found,

including loss of TRAF3, amplification of the E2F1 gene, involved in controlling the cell cycle. In smoking-related
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tumours, inactivating mutations of the TP53 and CDKN2A genes were almost always observed, amplifications of
segments of 3926/28 and 11g13/22 chromosomes were seen. Oral tumours relatively favourable in terms of potential
treatment and chances for recovery, contained activating mutations of the HRAS or PIK3CA genes in combination
with inactivating mutations of the CASP8, NOTCH1 and TP53 genes. In cases of other subgroups of this cancer,
inactivating mutations of the NSD1 gene were found, the product of which is linked to rearrangements of chromatin,
inactivating mutations of the AJUBA_and FAT1 genes, controlling enzymes of the Wnt signalling pathway,
mutations activating the NFE2L 2 oxidative stress factor. Some cancer-related genes mutate rather often in multiple
or, at least, in several types of cancer. Hence, there is little wonder that it has been these ones (TP53, in particular),
which were first characterised. However, most cancer genes are found with medium frequency (2-20%) or less
often. The main problems arise when identifying rare cancer genes. Thus, recent study of 183 pulmonary
adenocarcinomas has shown that in 15% of patients no mutations are found in 10 classes of genes known for this
disease, and in 38% of cases three or less mutations were identified [11]. Due to damaging the DNA reparation
systems, mutagenesis is somewhat intensified in cancer cells. The frequency of these tumour-induced somatic
mutations may vary by several orders of magnitude for different tumours. Hence, when identifying “medium” and
especially “rare” genes, an essential problem arises: how genes and mutations related to cancer can be differentiated
from the background, from multiple random mutations not associated with cancer? In two articles [10,13,14] the

authors have studied the results, collected from different databases, of analysing exomes (coding regions of genes -

exons with DNA sequences adjacent to them — non-coding intervals - introns) of 4742 “tumour-normal tissue” pairs,
belonging to cancers of 21 various types. The number of samples for certain types varied from 35 to 892. 3078483
one-time replacements of nucleotides in tumours were found as compared with the normal tissue, 77270 one-time
deletions or insertions of nucleotides, 29837 di-, tri- or oligonucleotide deletions or insertions. Most (2294935) of
one-time replacements of nucleotides didn’t change coding sequences. Out of the remaining one-time replacements,
540831 constituted the so-called missense-mutations_(causing replacements of amino acids in proteins), 207144
constituted synonymic (not causing replacements of amino acids) replacements of nucleotides, 46264 nonsense
mutations_(causing long-term termination of protein synthesis), 33673 - mutations, damaging mRNA splicing
(assembly of coding sequences of mRNA from the respective blocks). The data on the “depth” of sequencing and
purity of tumours samples allow to assess more than 90% sensitivity of the analysis. Incidence rates of mutations per
a unit of genome length for different types of cancer differed in more than 5 orders of magnitude (from 0.03 to 7000
per a million of DNA nucleotides), mutation spectra also greatly differed [6]. Mutations associated with cancer with
certainty, were found in 224 different genes. For different types of cancer, the number of mutant genes greatly
varied (from 1 to 58). For 7 types it was less than 10, and for two (breast and endometrial cancers) — more than 30.
Only 22 genes were found definitely associated with more than three types of cancer. The analysis enabled
identifying almost all previously known genes, related to carcinogenesis. 33 genes were also found, mutations in
which were previously not associated with cancer. These genes relate to division of cells, apoptosis, genome
stability, chromatin activity regulation, immune response, RNA transformations, and homeostasis of proteins.
Among 81 genes more, there also should be genes associated with cancer. Based on the obtained results, the authors

computed: how many “tumour-normal tissue” pairs should be analysed to find genes definitely mutating in cancer
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depending on its type, incidence rate of mutations per a unit of genome length for a given type, incidence rate of
mutations of this gene for a given type of cancer. Computations show that for 17 of 21 of the analysed cancer types,
there are still not enough data to identify the genes mutating with the frequency not higher than 5% of the
background, and for 7 types — even with not more than 10% frequency. It has also been identified that to catalogue
cancer genes covering 90% of disease cases, it is required to analyse about 650 “tumour-norm” pairs, if the average
frequency of mutations is ~0.5 per a million of DNA base pairs (as in neuroblastoma) [6, 20], or even about 5300
pairs, if the frequency is ~12.9 per a million (as in melanoma). All in all, to catalogue somatic mutations for genes,
mutating with high (>20%) and medium (2-20%) frequency, for ~ 50 known types of cancer 2000 “tumour-norm”

pairs should be analysed on average, i.e. about 100000 pairs in total.

IV. CONCLUSION
Overall, creation of the detailed catalogue of cancer genes is an important task, fulfilling which will allow to

select the optimal cancer therapy for each patient: influence on certain signalling pathways or other processes,
damaged in each specific case. Such a catalogue is also needed to choose the targets when developing anticancer
agents, create new experimental models of animals and cell lines to study cancer, test new treatment means and

methods.
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