August 25, 2005

Statement by L.E. Feinendegen and M. Pollycove 

regarding the

BEIR VII Report

We believe hat the following remarks are pertinent to the impact the final BEIR VII Report likely will have.  Moreover, the draft of this document contains several statements in reference to our work.   

The Draft Report presents a very large, although not complete, yet most useful set of data on low-dose effects of ionizing radiation.  The various epidemiological and experimental data obviously serve the attempt to illuminate the question mainly as to the probability of low doses to cause cancer.  

It is apparent to us that the discussions and interpretations of many data pointedly tend to justify the linear-no-threshold (LNT) hypothesis down to zero-dose without proper consideration of equally justifiable alternative hypotheses.  This imbalance is obvious also in the recent summary statement to the public.  

Contrary to the report by the French Academy of Sciences, Paris, dated March 30, 2005, the Draft Report appears exclusive for it does not properly include presentation and/or discussion of abundantly available experimental and epidemiological evidence for other models than given by the LNT hypothesis.  This discrepancy between two carefully working academic institutions at the highest level challenges the impartiality of the BEIR-Report committee – in fact, it creates an embarrassment for the National Academies in Washington.

A particular weakness is the narrow view on the functions of adaptive responses.  The Draft Report deals repeatedly with adaptive responses, yet mainly in terms of low-dose induced resistance against renewed irradiation, whereas there is much evidence for low-dose induced adaptive responses to express non-specific system reactions at various levels of biological organization to toxins that differ from radiation but may act on the same biological targets.  Only rare remarks pertain to this lack of toxin-specific response pattern in complex adaptive systems.  On the contrary, the Draft Report stresses the toxin-specific response at the level of genes, as, for instance, regarding the particular gene responses to various oxidative agents in S. Cerevisiae.  However, other observations on delayed appearing and temporarily lasting protective responses in microorganisms, cells or animals, which do not relate primarily to low-dose induced DNA damage and repair, find little attention in the Draft Report.  In fact and as clearly stated by the Committee, the Draft Report excludes adaptive responses to be valid in assessing the dose-risk function at low doses, and it recommends the perpetuation of the LNT-hypothesis.

In this context, the Draft Report even distorts published material.  Two such situations concern our paper (M. Pollycove, L.E. Feinendegen. -  Radiation-induced versus endogenous DNA damage: possible effect of inducible protectice responses in mitigating endogenous damage. - Human and Experim. Toxicol.  22:  290-306, 2003).  Permit us to be more specific:

On page 71, the Draft Report states: 

“The implication of these results (on gene expressions following challenges by  different oxydizing agents)  is that each agent that is toxic to S. cerevisiae produces its own unique spectrum of cellular damage, with some overlap.  The relevance of these comparisons for this report lie in the attempts that have been made to explain low-dose ionizing radiation as no more than a special case of oxidative damage (Pollycove and Feinendegen 2003).  If this were true, then low doses of ionizing radiation would be insignificant against the levels of naturally occurring reactive oxygen species and could therefore be ignored as having no detrimental health effects”.  

This statement given above in bold regarding our paper is not correct.  In fact, our paper clearly emphasizes on the one hand the well known fact that a comparatively large fraction (some 30%) of cellular DNA damage produced by low-LET irradiation derives from direct particle interaction and not from reactive oxygen species.  Our paper, then, emphasizes the that DNA double strand breaks (DSB) per primary oxidative DNA damage (DNA-adducts) are likely to be 105 times more probable from low-LET ionizing radiation than from endogenous oxidative attacks.  There is no justification to let the reader belief that we propose low-dose ionizing radiation effects to be no more than a special case of oxidative damage. 
Moreover, our paper refers to the radiogenic reactive oxygen species (ROS) to encompass a broad spectrum of compounds, and that many of these ROS may be similar to those produced endogenously by oxidative metabolism and various compartmentalized biochemical reactions, with all their secondary effects.  The obviously distorted reference to our paper misleads the reader and tends to discredit us.  
The Draft Report should have said that the our paper comes to the conclusion that per average cell endogenous DNA damage is many orders of magnitude more frequent than DNA damage from background radiation (see Table 5 in our paper), in support to the well known fact that cancer arises much more frequently from other causes than radiation.  We continue to argue that low-dose induced adaptive responses presumably protect mainly against the production and consequences of endogenous DNA damage.  Indeed, as is well documented, adaptive protection encompasses biological systems as a whole and does not just pertain to DNA repair.  Thus, adaptive responses may not only temporarily increase DNA repair and, thus, resistance against DNA damage from renewed irradiation, they also operate systemically and involve prevention of DNA damage by scavenging, and damage removal by apoptosis, cell differentiation, and immune response, i.e. operate at various levels of biological organization.  The consequence, then, is the prediction that adaptive protection in all likelihood also operates against non-radiogenic cancer, as experimental data confirm in studies in culture cells and animals.  This situation finds appropriate room for discussion in the report by the French Academy of Sciences, but not in the BEIR VII report.    

On pages 579-580, the issue of non-radiogenic DNA damage, especially DSB, comes up again.  Here, BEIR VII states:

 “Pollycove and Feinendegen have made a theoretical argument that the hazards of radiation exposure are negligible in comparison to DNA damage that results from

oxidative processes during normal metabolism.  They argue that endogenous processes, autoxidation, depurination and/or deamination can lead to cellular DNA damage which resembles that produced by ionizing radiation.  Oxidative damage is much more complex than they appreciate and involves predominantly proteins and mitochondrial targets associated with transcription, protein trafficking and vacuolar functions (Thorpe and others 2004).  The identity of the particular radical species generated endogenously in undamaged cells is unknown, and therefore yields of endogenous single strand breaks (SSBs) and double strand breaks (DSBs) cannot be reliably estimated a priori.  Direct measurements of SSBs in unirradiated cells indicate levels several orders of magnitude below that estimated by Pollycove and Feinendegen.  The authors’ hypothesis that endogenous processes within cells give rise to significant levels of DSBs from SSBs in close proximity is speculative and not supported by current experimental information.”  

The above quotation, again, implies to the reader that radiation-induced oxidative damage is much more complex than we appreciate.  However, we have mentioned throughout our paper the multitude of non-specific effects from ROS on cellular substrates and homeostasis and have particularly stressed that the radiation induced DSBs per DNA- oxyadduct are 10 5 times more frequent than are DSBs from endogenous DNA-oxyadducts.  One can hardly state more explicitly that radiation is much more potent to cause severe DNA damage than are endogenous ROS.  Yet, the Draft Report ignores our emphasis.  

More serious still is the statement that “The authors’ hypothesis that endogenous processes within cells give rise to significant levels of DSBs from SSBs in close proximity is speculative and not supported by current experimental information.”  Irrespective of the fact that we have given proper references in our attempt to relate SSBs to DSBs, the issue obviously is the incidence of DSBs in non-irradiated cells.  The direct measurements presented in the following publications fully support our statement that in the order of about 0.1 endogenous DSB likely occur in mammalian cells per day from endogenous sources: 1). Vilenchik MM, Knudson AG.  Endogenous DNA double-strand breaks: Production, fidelity of repair and induction of cancer.  Proc. Natl. Acad. Sci US 100: 12871-12976, 2003; and  2) Sedelnikova OA, Horikawa I, Zimonjic DB, Popescu NC, Bonner WM, Barrett JC.  Senescing human cells and ageing mice accumulate DNA lesions with unrepairable double-strand breaks.  Nature Cell Biol  6(2):168-70, 2004; and 3) Rothkamm K, Löbrich M.  Evidence for a lack of DNA double-strand break repair in human cells exposed to very low x-ray doses.  Proc Natl Acad Sci US  100: 5057-5062, 2003.  The Draft Report, however, does not even mention any one of these publications in the context of endogenous DSB production.  

In summary, the BEIR VII Draft Report appears to us seriously deficient.  We think that careful corrections can bring the document up-to-date.  In fact, we take the liberty to suggest editing the Draft Report carefully to eventually serve the scientific community and public alike in a manner that complies with serious scientific work. 

