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Abstract

The historical foundations of cancer risk assessment were based on the discovery of X-ray-induced gene mutations by
HermanndJ. Muller, its transformation into the linear nonthreshold (LNT) single-hit theory, the recommendation of the model by
the US National Academy of Sciences, Biological Effects of Atomic Radiation |, Genetics Panel in 1956, and subsequent widespread
adoption by regulatory agencies worldwide. This article summarizes substantial recent historical revelations of this history, which
profoundly challenge the standard and widely acceptable history of cancer risk assessment, showing multiple significant scientific
errors and incorrect interpretations, mixed with deliberate misrepresentation of the scientific record by leading ideologically
motivated radiation geneticists. These novel historical findings demonstrate that the scientific foundations of the LNT single-hit

model were seriously flawed and should not have been adopted for cancer risk assessment.
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In 1927, Herman Muller mistakenly asserted that he had used
X-rays to induce “gene” mutations in Drosophila.! Although
flawed and unverified, this interpretation was well received and
widely accepted by the scientific community.? Both the 1930
“Proportionality Rule” of Muller and the 1935 “LNT Single-
Hit dose—response model” of Timofeeff-Ressovsky and
colleagues® were offspring to Muller’s mistaken conception
of X-ray-induced “gene” mutations." Critics from the genetics
community, such as Lewis J. Stadler, Barbara McClintock, and
others, soon argued convincingly that Muller’s idea lacked
scientific proof and could be alternatively explained by
mechanisms involving gross chromosomal deletions and aber-
rations rather than mutations within specific genes.! Respond-
ing to such criticisms, Muller quickly conducted research—
albeit experimentally limited—to support the accuracy of his
conclusions on X-ray-induced “gene” mutations, specifically
that mutational responses were cumulative (ie, that the total
dose—and not dose rate—was important), irreversible, and
linear with respect to dose.*° Soon though, more experimen-
tally rigorous studies were performed under the oversight of the
Manhattan Project and produced results that seriously chal-
lenged Muller’s concept of “total dose”.® Sadly and shock-
ingly, influential leaders of the US radiation and genetics
communities, including Stern and Muller, chose to misrepre-
sent and thereby marginalize the more carefully performed
studies.®®

The alarming saga continues. In 1956, the prestigious NAS
Biological Effects of Atomic Radiation (BEAR) | Genetics
Panel deliberately misrepresented its own research to promote
the acceptance of the linear nonthreshold (LNT) model by
regulatory agencies.”® Moreover, the same NAS BEAR |
scientists along with other experts from the scientific/regula-
tory communities® “eagerly and wrongly” assumed that if the
dose—response for X-ray-induced mutations in mature sperma-
tozoa was shown to be not only linear but also “independent” of
dose rate, then this same dose-response relationship could be
used in risk assessment to generalize across all cell types, all
doses, and all dose rates.”® In only a few years, mature sper-
matozoa were shown to be the exception and not the rule.
Unlike most cells, mature spermatozoa were found to lack the
ability to repair mutations induced by either chemicals or
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radiation,'®'* proving that the assumption of the NAS BEAR |
Genetics Panel and its affiliates was wrong. In late 1958, Wil-
liam L. Russell showed that X-ray-induced mutations in the
spermatogonia and oocytes of mice could indeed be repaired
and—in direct contradiction to Muller’s ideas of “total dose”
and irreversibility—were dependent rather than independent of
dose rates,'>'! at low levels of radiation.

Fourteen years later, the Biological Effects of lonizing
Radiation | (BEIR I),"? Genetics Subcommittee acknowledged
the “mistake” of the NAS BEAR | Genetics Panel on dose rate
but nevertheless retained the LNT recommendation because
the reduced mutation rate in spermatogonia, as shown by Rus-
sell, had not regressed back to control values as it had for
oocytes. Nonetheless, the BEIR | Genetics Subcommittee grud-
gingly indicated that, due to its repair capacity, spermatogonia
rather than mature spermatozoa were better models for general-
izing mutational responses across somatic cells. Russell
referred to failed DNA repair capacity as an “odd phenomenon,
restricted to spermatozoaand occasioned by the peculiar nature
of the specialized spermatozoan cell”.'®"" In 1995, Paul B.
Selby (19983, b)">'* detected a significanterror that had routi-
nely occurred in the historical control groups of Russell’'s
mouse-specific locus test. This final mistake was subsequently
acknowledgedand correctedby Russelland Russell"® along with
Selby. ™™ | this mistake had not occurred or had been corrected
before the creation of BEIR |, then the mouse spermatogonia
data that supported continuance of the LNT model would have
adjusted control mutational values fo historical norms, support-
ing either a threshold or hormetic model depending on whether
the correction of Russell or Selby, respectively, was used.'®'?

To summarize, the successful birth and adoption of LNT for
cancer risk assessment was due fo (1) the mistaken assumption
by Muller that he had discovered X-ray-induced “gene” muta-
tions, (2) the adoption of the “LNT single-hit model” that was
based on Muller's mistaken assumption, (3) the mistake by
BEAR | of generalizing DNA repair-deficient mature sperma-
tozoa as representative of all somatic cells, (4) the deceptions
and misrepresentations of the scientific record by leaders of the
radiation genetics community, including the NAS BEAR |
Genetics Panel, and (5) the repeated mistakes made in asses-
sing the control responses in Russell’s mouse-specific locus
test. The EPA (1975, 1977)'®"" even extended and com-
pounded these mistakes in 1975 and 1977 by further adopting
LNT for chemical- (Albert et al., 1977)'® as well as radiation-
induced cancer risk assessments, stating that its LNT decision
(later proven to be wrong by both Russell and Russell in 1996
and then by Selby in 1998a, b)'>™* was based on the dose-rate
findings of Russell as cited in BEIR | (1972). If any one (or
more) of these mistakes had been avoided, then an invalid
LNT, its birth, and its adoption by society would all have likely
miscarried and been replaced by a more authentic dose—
response altemative, such as a threshold or hormetic model.
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