DEVELOPMENT OF BIOTECHNOLOGICALLY PRODUCED – FERMENTED – WHEAT GERM EXTRACT (AVEMAR) AND ITS USE IN THE SUPPORTIVE THERAPY OF TUMOROUS DISEASES 

Contract number: OMFB-02440/2000. (BIO-098/2000)

Date of start: 10/10/2000.

Duration: 36 months 

Total cost: 50,5 M HUF

OM contribution: 30,3 M HUF 

Acronym: Development of antimetastatic supportive therapeutic product 

BACKGROUND OF THE PROPOSAL 

The literature published the first data about wheat germ fermented with yeast in 1940. It was found that the reduced glutation level of wheat germ gets eliminated during fermentation, but no detailed mechanism of the process was discovered then. In 1950, Vuataz managed to point out that the substances formed during fermentation were responsible for the reduction of the glutation level. In 1952, it was stated by Cosgrove et al that the forming molecules were metoxi-p-benzoquinone and 2.6-dimetoxi-p-benzoquinone.

The biochemical significance of the discoveries was pointed out by Albert Szent-Györgyi. Szent-Györgyi realized that wheat germ was a plant of „peroxidase type” and started to make experiments in the hope of finding the missing phenol components of the respiratory chain in that plant. Plants of the peroxidase type/model oxidize paraphenylene-diamine into a blue-coloured imine. These plant tissues display the colour reaction even after several thorough extractions, in other words, the process is bound to insoluble cell structures. In Szent-Györgyi’s views these compounds may play a primary role in the maintenance of immunity as well. 

As a result of the development work based on the tumour-related research of Albert Szent-Györgyi, an antimetastatic plant extract has been developed which yields proven results in animal experiments and has produced factual results in the clinical tests presently in progress. Fermented wheat germ extract is a complex substance gained from a watery extract, containing biologically active molecules, standardized to its 2.6–dimethyl-benzoquinone content; it is water-soluble and administrable orally (per os), distributed by pharmacies under the trade name AVEMAR. 

In the course of research on tumorous diseases, more and more attention should be paid to the discovery of the formation of metastases and the prevention of the process as metastases, rather than primary tumours, are the causes of death in the majority of cases with tumorous diseases. 

A number of pre-clinical tests show that there are antimetastatic compounds with cytostatic effects. The majority of these compounds come from plants (Taxol, Iscador), but they also include synthetically produced molecules. Nevertheless, there is no agent at the moment that would only destroy cancerous cells selectively, without any detrimental effect to healthy cells. Most of them causes so serious side effects that make practical administration difficult. 

The side effects of chemotherapeutic drugs also applied in clinical practice extremely overburden the organism of patients: their blood count changes pathologically; their immune functions are damaged; morover, they suffer from cahexia, which may even reduce the chances of treatment. 

Therefore, the development and production of a non-toxic, antimetastatic preparation with no side effects can be considered as a significant result both from the scientific and the economic point of view. 

The major observations concerning the effects of fermented wheat germ extract, obtained in the course of "in vitro" and "in vivo" experiments, can be summarized as follows: 

· it inhibits metastasis formation in various experimental metastasis model systems. 

· it significantly enhances the Concanavalin-A induced blastic transformation of the lymphocytes obtained from the spleen of mice. 
· in co-isogenic skin-graft systems in thymectomized animals, it considerably shortened the survival time of the grafts, indicating that it exerted a restoring effect on the immune functions, nearly in identical proportions in two dose ranges different from each other by two orders of magnitude. 

· Treatment of human leukemic leukocyte-cell lines (Jurkat-leukemic T-cells, BL-41-B-cells, and U937 myelomonocytes) resulted in 70-85% reduction / downregulation of the major histocompatibility complex (MHC) class-I proteins and induced pronounced apoptosis (20-40%) in 24 hours, preceded by the dose-dependently induced tyrosine phosphorylation of certain specific proteins, the influx of extracellular Calcium (Ca2+) ions, and the increase of intracellular Ca2+ concentration. However, it failed to induce a similar degree of apoptosis in healthy, resting peripheral blood mononuclear cells. 

· it enhances TNF induced cytotoxicity and the TNF production of macrophages. It decreases the phytohemaglutinine (PHA) induced proliferation of peripheral blood mononuclear cells in a dose dependent manner. 

· treatment in an experimental mouse-model of the human systemic lupus erythematosus (SLE) results in a significant decrease of the humoral immune reaction to the antigene used for immunization, as well as a sustained decrease of auto-antibody (anti-dsDNA, mouse 16/6 Id and antihistone) production. Simultaneously with this, other parameters characteristic of the disease (erythrocyte sedimentation rate, count of leukocytes, proteinuria) also returned to normal. 

· treatment also brought about the amelioration of the clinical manifestation of SLE by modulating - towards the restoration of balance - the immune reaction disorders in the Th1/Th2 cytokine network playing a decisive role in the pathogenesis of this disease. 

· In the case of so called "rat adjuvant athritis" (AA) (induced by injection of Mycobacterium butyricum into the foot pad), a worldwide used experimental model of the human rheumatoid arthritis (RA), it inhibited both the primary and secondary (immune-mediated) response and exerted a significant anti-inflammatory effect similar to those elicited by treatment with Dexamethasone and Indomethacin. 
· in macrophages and myelogenous tumor cell lines it alone induced a pronounced cytokine production; it enhanced synergistically the activation of these cells elicited by LPS (lipopolysaccharide) and PMA (phorbol-myristyl-acetate) and resulted in an over-expression of numerous cytokine-genes and in the release of several inflammation modulating cytokines by the activated cells. It increased TNF and IL-6 production the most. In higher dosages, however, it brought about cell-death due to the hyperactivation of the molecular mechanisms involved. In lymphoid cells, TNF production was not affected by the treatment. 
· in other (HeLa) cell-lines it enhanced the activity of stress-kinases in a dose-dependent manner. 
· it also enhanced the inducing effect of TNF exerted upon the production of the adhesion molecule ICAM-1, while the VCAM expression of microvascular endothelial cells was not influenced by the compound. 
It exerted a chemo - or rather "bio-preventive" effect in the Azoxymethane colon-carcinogenesis model in rats: colon tumors developed in a significantly smaller proportion of the rats and the number of tumors/animal developed was also considerably decreased. 
The results of the above described and other studies strongly suggest that Avemar has a pronounced immune-modulating, immune-reconstitutive or even an immune-regulatory effect. Moreover – according to the investigation of hundreds of cancer patients ( it does not elicit any toxic or other harmful side-effects. This is in full conformity with the negative results of the acute and subacute toxicological studies carried out in 2 species of mice and rats. 

OBJECTIVE OF THE PROPOSAL 

Avemar - as a natural-based fermented preparation - is non-toxic as proven by toxicological tests; however, experimental tests have shown that it has an immune-reconstitutive effect, decreases the metastasis of malignant tumours, enhances the metastasis reduction effect of known cytostatic substances, and increases apoptosis in cell cultures. These characteristics suggest that Avemar has a positive impact, as regards the organism, on the formation of malignant tumours. In order to explore the existence or absence of such impact, we intend to perform in vivo investigations to study the chemoprevention of carcinogenity in cooperation with the Institute for Pathological and Experimental Cancerology No. I of Semmelweis University Budapest. 

The tests already performed in order to clarify the impact of Avemar on in vitro cell proliferation and apoptosis as well as on certain cytogenetic parameters are intended to be continued by increasing the number of cases tested and changing the concentration of the materials tested. So far, these tests have been performed on PHA-stimulated human lymphocites. With a view to the fact that Avemar contains lectines with mytogenic activity, further investigations shall include, besides PHA-stimulated lymphocites, the cell kinetic parameters of non-PHA lymphocites treated only with Avemar. This may lead us to conclusions on the direct impact of Avemar on cell proliferation. Objectives include the cell kinetic and cytogenetic tests of the lymphocites of in vivo donors administering Avemar orally, in close cooperation with clinical tests. 

These tests will be performed by the Department of Human Cytogenetic and Molecular Toxicology of National Institute for Chemical Safety. 

In the next stage of development, it will be necessary to have phase III tests performed according to GCP (Good Clinical Practice). These tests include randomized double blind tests with placebo control on the basis of the conclusions drawn from phase II tests. This is the point where it is necessary to present the pharmacokinetic results (resorption, discharge, metabolites, etc.) on agent component(s). In order to perform such pharmacokinetic tests, it is necessary to develop quantitative and qualitative methods to specify the presence of Avemar in the human body from human blood serum. Two methods for this have been developed for this by the research team of the Chemical Research Centre of HAS, which is intended to be further developed by us. Besides, pharmacokinetic measurements will also be made possible, this way the dosage of the praparation can be made more accurate and can be adjusted to the state of the cancer disease. 

Based on in vitro, in vivo, and clinical results, further phase II clinical tests of Avemar are medically / professionally justified as regards the supportive therapeutic system of tumorous diseases. The objective of these tests is to prove the tumour metastasis prevention effect of the preparation – in accordance with the rules of GCP (Good Clinical Practice) – on various groups of cancerous illnesses and a large homogeneous patient base by statistical methods. The test series of the next 3 years shall be sufficient to decide whether therapeutical effectiveness justifies the continuation of the development process. 

CONTENT DESCRIPTION OF THE WORK 

Carcinogenital chemoprevention test 

Several experimental methods have been developed in order to study the chemoprevention of carcinogenity. In the in vivo model intended to be used by us, azoxymethane (AOM) or dimethyl-hydrazine (DMH) induced rat colorectal carcinoma prevention can be studied. The method operates on F 344 rats, where colorectal tumours producing high Ki-ras mutation ratios – similarly to human colorectal tumours – are formed. This method is used, for instance, to show the chemopreventive effect of fish oil and natural flavonoides. 

Studying the effects of Avemar on in vitro cell proliferation and apoptosis

After 66-hour cell cultivation - in the presence of bromo-dezoxi-uridine (with or without phito hemaglutinine) - of lymphocites separated from the blood of the donors at the Ficoll-Hypaque gradient, all DNA shall be coloured by propidium iodide and DNA incorporaetd in bromo-dezoxi-uridine by FITC-conjugated anti-bromo-dezoxi-uridine; then fluorescent signs and diffraction signs shall be measured by a Becton Dickinson FACScan flow cytometer (Argon laser, 25 mW, 488 nm). 

Cell kinetic and cytogenetic tests 

Paralelly with flux cytometry measurements, the genotoxicology monitor developed in OKBI shall be used for determining HPRT point mutation frequency; 3H-timidine incorporation shall be specified by fluid scintillation measurements; UV induced DNS-repair synthesis; as well as the frequency of chromosome aberrations and kindred chomatid exchanges. 

Phase II. Clinical tests 

Performing clinical tests in accordance with the rules of GCP (Good Clinical Practice) and controlled in a manner suitable for statistical evaluation in order to prove or disprove the potential effects of Avemar. A total of 250 tumour patients – a sufficient number of cases - are planned to be involved in clinical tests: patients who received state of the art oncology therapy (operation, chemoterapy, irradiation), and receive Avemar treatment for five years after completion of adjuvant treatment or until their state deteriorates. 

Determination of Avemar from human blood serum 

Development of a measurement method for the quantitative analysis of Avemar 2.6-dimetoxi-benzoquinone (2.6-DMBQ). 
Sample preparation method development 

The method should be suitable for selective and highly efficient extraction of 2.6-DMBQ from human blood serum samples. 

Joint optimization of sample preparation and measurement methods 

The sample preparation method applied basically determines the profile of interference / background components; the measurement method should be optimized accordingly afterwards. 

Validation of entire analytical method 

Validation contains the establishment of lower and upper measurement limits, tests of calibration linearity, and determination of the capability to reproduce measurement results. 

Testing clinical samples. 

PRESENT SITUATION, RESULTS 

Several interim reports have been produced with extremely positive results. The obligations undertaken according to the objectives are expected to be performed in November, 2003. 
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