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The Linear No—Threshold Relationship is Inconsistent
with Radiation Biologic and Experimental Data
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The advances during the past 2 decades in radiation biology, the
understanding of carcinogenesis, and the discovery of defenses against
carcinogenesis challenge the LNT model, which appears obsolete.
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Endogenous reactive oxygen species may cause up to about eight DSBs per
cell each day, similar to that induced by 200mGy (or 0.14mGy/min).
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The magnitude of the mutagenic effect (per unit dose) varies with dose rate,
reaching a minimum in the range of 1-10 mGy/min, which corresponds
approximately to the rate of reactive oxygen species-inducing DNA

damage during oxidative stress.
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This Minimal Mutation Dose Rate region (1~10mGy/min) is approximately
one million-fold higher than the background radiation level. Could it be
that selection for protection against DNA damage occurred as a result of
exposure to radiation delivered at such high Dose Rates during some earlier
age, or that it resulted from chemical agent, ROS?

(Vilenchik and Knudson, PNAS2000)
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A low dose rate (<15mGy/min) reduced carcinogenesis not only in
experimental animals but also in patients.
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Among humans, there is no evidence of a carcinogenic effect for acute
irradiation at doses less than 100 mSv and for protracted irradiation at
doses less than 500mSv.
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DNA repair system are very effective at low doses or dose rates (about
5-10mGy/min) and become more error prone with increasing dose and dose
rat. These defenses are poorer against high doses or dose rates greater than
0.5Gy/min.

Damaged cells can be eliminated after low doses by means of death
senescence, Or immune response.
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Low dose rate irradiation (approximately 10mGy/min) is less carcinogenic
(per unit dose) than high-dose-rate irradiation (ImGy/min). Fractionated
irradiation is much less carcinogenic than acute irradiation owing to DNA
repair during the time interval between fractions.

Defenses against the oxidative radical created by water radiolysis
are very effective for doses that create a number of radicals
similar to those observed during oxidative stress.

Such adaptive responses are observed in cultured cells and in rodents after
doses of 1-500 mGy and disappear with higher doses.

Doses to normal tissue less than 150 mSv per radiation therapy fraction
appear to be much less carcinogenic than higher doses.

A
-

8.

AT RO ST REG#EIC, LNT (X{Efl/2 T v Thote, LL., BIEIZE
T DB EDE 2 071, BEORFENREIC B L -FEELREICE SV
LD TRITNIER LR, R E 20 ORE - B - a0 FFTIEY
oA =F NI KB ENTZ D Th > TUIR BV,

LNT EFAD X HICUURNCEZ NS ERD RV DIEH LW HiERL T
T5, ZOHWHEENES - BES L THSICERNREEL O LTV D,

]34

LNT was a useful model half a century ago. But current radiation
protection concepts should be based on facts and on concepts consistent
with current scientific results and not on opinions. Preconceived concepts
impede progress; in the case of the LNT model, they have resulted in
substantial medical, economic, and other societal harm.
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Inverse radiation dose-rate effects on somatic and
germ-line mutations and DNA damage rates
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DREs on specific locus mutations induced by low LET ionizing radiation

in mouse spermatogonia.

the overall dependence of induced mutations being parabolically related to

DR(Dose Rate), with a minimum in the range of 0.1 to 1.0 ¢cGy/min.
This general pattern can be attributed to an optimal induction of error-free DNA

repair in a DR region of minimal mutability (MMDR region).

These estimates suggest a genetically programmed optimatization of response to

radiation in the MMDR region.

The adapting (priming) dose is usually at a level of one or several cGy and/or is
delivered at a low DR, e.g., 1 cGy/min. There is evidence for the dependence of an




adaptive response on DR with an optimal response of somatic cells, at some (but
not all) conditions, near 1 cGy/min, i.e., at a minimum value of mutation rate.

This minimum could be a mutational signature of the antimutagenic
radioadaptive response, as supported by studies of factors that can inhibit both
radioadaptation and mutational DREs. Protection against induced mutations
decreases with further decrease in the DR of the priming dose into a very low DR

range .

the optimal induction of DNA repair and other defense mechanism(s) in the
DR range of 0.1 to 1.0 cGy/min, and at certain doses (the interplay between doses
and DREs is not considered here).

Therefore, a signal for induction of the antimutagenic radioadaptive response
must be recognized by a cell against a “noisy” background. Such recognition
should be most effective in the presence of a relatively low (but probably not too
low) background. If our explanation of the DR pattern in Figs. 1 and 2 is correct,
then such a maximum would be realized in the region of minimally mutagenic

DRs (MMDR).

Attention has been focused on the TP53 gene, because its level is increased
after radiation of cells in the G 1 phase of the cell cycle.

The molecular analysis of DREs(Dose Rate Effects) on mutation should be
connected with DREs for cell killing, which we have not considered here but which
could have significant implications for radiotherapy.

The MMDR is approximately one million-fold higher than the background
radiation level. Why and how was this high level of 0.1-1.0 ¢cGy/min for the
MMDR selected during evolution?

Could it be that selection for protection against DNA damage occurred as a result
of exposure to radiation delivered at such high DRs during some earlier age, or
that it resulted from coselection by another, perhaps chemical, agent? Thisisa

problem for further research.
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Endogenous DNA double-strand breaks: Production,
fidelity of repair, and induction of cancer
(BEHOEFTO2RHEUMRBEBEOIERES, £ LTENA)

bbiBH £7ETO DNA2AGEIM FEAEIZ OV TR,

TP BIAT IR HBEOMBRT A7 VNI 58D DNA BEDOARLERORELETSH
B,

WICE2AT Y T (X OEIMEE SRR SBRE (KI6RFR) DMLY A2/ DRI 2R S GIRT
AT 2,

BEOAETETRAETHIZO2AHENNL, IEFICBVEETCEEIN WD, ZOEETT
S—BRAETHENMECBTDBADRELND AT Y FITI2B,
EE O MR, AR OE OV DNA OB 1 %2 AT RE TS, MKa)
AT N0 1 O THISOE D 2A LM DR A2 D,

ZAUE. 1 BRI 300mSy L FOBEBROKSBRBHNZ, BLEES T IT 0TV SERICAI6R
Rk (37eB 1.55v 15 25v) LIZ B S ISR CH AT D2 IMNI A E 35,

ZICEEBERILT, MIROSBREFI6R R OMITA, 1.55v HEY, Tab bl LR TO2HE
SHUIWT T A B R T DR B OB B O M 5H#R (Doubling Dose) . -2>£0W300mSv/h LAF D4 #2
I2&B 2 AETWOEEEE CHIUL, TIREBH LD O TIARIEL VR BRSO
#ALL TOLEBRGHR TODEVIEETHD,

ZUh T ZOBRERICBWTebiE, WHIEMIE TIE. ZOHE TRAELI2ASHGIRTO
B, 1 BOFIE THARLITREOBRTIERIZALETONDENITLETHD,

R THDHH, ZOEEFRES CTEEROIIPS3 EERETDIRIET, 1HIZOMDERIZES DNA
BECEEFESOSILE, STVREREOHECEEL, KICEREFEHLDHRIITTIOR
ZOHBROBNIN TCWAIRERE THD,




2006 £

Radiation dose-rate effects, endogenous DNA
damage, and signaling resonance
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the only mechanism common to all of these phenomena is the double-strand
break (DSB) in DNA, we refer to our previous analysis of the endogenous
production of DSBs, from which we concluded that 50 endoge-nous DSBs occur
per cell cycle, although most are repaired without error. Comparison then reveals
that their rate of production falls within the range of minima for the several end
points pursuant to radiation-induced DSBs. '
We conclude that the results reflect a physiological principle whereby signals
originating from induced DSBs elicit responses of maximal effectiveness when
they are produced at a rate near that of the production of endogenous DSBs. We

refer to this principle as “signaling resonance.”
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The pattern of the DRE on clonogenic cell death of human PC3 prostate cancer cells exposed
to 5 Sv of low-linear energy transfer IR in vitro.

Asynchronously growing cells were exposed to 5 Sv of low-DR vy rays or by 5 Sv of x-rays
in the case of the highest DR.

100% (control cells) — % of cells remaining clonogenic.
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