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1. Introduction

We have already shown that the WAM model (Whack-a-mole model) reproduces very well the measured data obtained in the past irradiation experiments to investigate
the genetic effects in various plants and animals 14, The obtained results show that the frequency of mutations in the next generation of irradiated individuals decays
with time after irradiation. This binomial mathematical model also has the potential to reproduce a variety of other biological phenomena that vary with time.

Then, in this study, we calculated the parameter sets of the WAM model from the measured data and attempted to reproduce and predict the variation in the frequency of
chromosome aberration occurrence in peripheral blood lymphocytes after radiotherapy.

2. WAM model
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A) The core idea of the WAM model is just two things. (1) A pool of mutant cells is assumed to be the bottleneck. (2)The term of “time” is included in the formula. As a
result, we can now calculate the genetic effect in also the cases the dose changes from time to time.

B) The upper graph shows the difference in mutation frequency by dose rate in mice. As the dose rate increases, the mutation rate increases, but it will eventually reach a
steady state at any dose rate. The graph below shows a case of fractionated irradiation. The blue line is calculated by use of LQ model, and the red is for the WAM
model. In the WAM model, the frequency gradually decreases with the length of time during cooling and after the completion of irradiation.

C) 3D graph of total dose, dose rate, and mutation frequency. There is an equilibrium state of increase and decrease of the frequency.

3. From WAM to UnCA-WAM

D) Chromosome aberrations increase in proportion to the

E UnCA-WAM overview WAM to UnCA-WAM exposed dose. Unstable type aberrations cannot be
Diversion of SWAM 2 duplicated because of their chromosomal structure.
(6 S For this reason, the number of cells with such
BT | chromosome - . . .
------ e m— SBEmaHiens aberrations (Cu cells) decreases with time dependent
X Inversion : : translocation l
= x : | x ﬁg g . manner after exposure.
' 8 : : 5§ . .
2| N B / 2! dF(f) E) In order to divert the WAM model for the calculation
@ Noml H dr A — BF(1) of unstable chromosome aberration frequencies, each
€ : : | Z, 1 No./Fr. of unstable chromosome aberrations . .
1 i N F(o): mutation froquedey at ./ parameter in the WAM model needs to be redefined.
: o : s . : : etochore :g: . ,,f’f} fff . .
° i “ Se 7 i 3 In the mathematical model for calculating the
A ey Ring : : e o A= a + ald d .dose ra‘?/ if d = const. (time independent). total dose D=d" t ]
LTIl Tl ' K o © spontaneous ststion-& prolifstion-efiset [/hou] frequency of unstable chromosome aberrations (UnCA-
L Unstable aberrations , a, : mutatten-by the artificial radiation [/Gy] W AM)
UnCA-WAM B8 & B :bbﬂ +an1de b ettt (o a0: spontaneous aberration, al: the aberration caused
g - nlatural cé cdlll eITect |/nour
Optimizing the parameters of the WAM model by : the effects pfcell death by the artificial radiation [/Gy] ' 12t . I
for the evaluation & prediction of unstable chromosome aberration. | | t Oy Irradlatlon, bO the Spontaneous dlsappearance Of
Figure from the website of the Aomori Prefecture radioactive material impact survey (Institute for Environmental Sciences) + Dilution effect b‘_‘f normal ljflnphDC}’TE pl'Dlifﬂl'ﬂtiDIl 7 ym p h Ocytes ) a n d b 1: th e d iSa p pea ra n Ce Of
ymphocytes caused by irradiation. bO may include the
dilution effect of normal lymphocyte proliferation.
4. Results ymphocyte p
E UnCA-WAM parameters E Medical data and UnCA-WAM simulation results m UnCA-WAM simulation results
“Lymphocyte lifetime: Determination by elimination rate of chromosome aberration in radiotherapy patients*
Human Radiation Cytogenetics Archives, RNC, Kyoto Univ.
[B] Buckton etal. 1978 (40-50 h culture)
Analysis in 58 patients treated X-rays for ankvlosing spondylitis. Irradiation was applied along the spinal strip field
to give atotal skin dose of 1,500, 2,000 or 2,500 rads (15, 20 or 25 Gv) in 10 fractions in 12 to 14 days. 0 35 |
[B] Buckton et al. 1978 (40-50 hour culture) p(0) : spontaneous frequency = 0.011 035 ® Measured Vlue |
t{:’l:S :?‘1: D‘:‘:;“‘ R’.:f‘ "“*;‘;’;‘“ cu-i{l;::hb Ci']'c;;hc =""‘ o B 3&]15 with unstable aberration 0 30 T UHCA-WAL{ 030 ‘
S Y T W 0 0 A 8 ™3 " centic Sagranats) I n
1*: wo 1 3 2 :f':' 19 S 03 |} € Cu-cells ; — = 0.25 ;
44 lgg»;:- : f 12 gz 5 é o &.‘ _ ‘/Cs-ceu; Cels with sabi-yps $ 0.25 $
S e B E 01 hetureud N e, | 3 020 O 0201
e e e I o L otensnmesonalontusnnie s S
]EI-:‘-~11-:'~ 1,320 10 3 5 .Z :6: 0 10 20 30 ' » 0.15 1
T S G Time after treatment, years & 015 =
TESTENN NEIN : 5 5 i L . 0.10 1
NS EE EN E 010
R R L L 005 005
TS N T I O a, 2.94E-05 5.20E-02 |
T N T W W B | — 0.00
b b, 3.00E-03 5.45E-05 0.00 H 200 400 E00 200 1000
e b, = T = 0 2000 4000 6000 8000 10000 T [Hour]
> E’:;"'-E"T’m.‘;ﬁ?mif b: inas 6 u l 5 : ) ls T [Day]

F) Parameter values obtained from measured medical data by Buckton et al. The values of a0, al, and b0 are very different from those of WAM.

G) Comparison of the value of the frequency of cells with unstable chromosome aberrations (Cu-cells) obtained by calculation using the UnCA-WAM model with the
value of the measured data. The calculation was made assuming that 20 Gy was irradiated during treatment. The model reproduced the measured values very well.

H) This graph expands the graph in Figure G from the start of irradiation to one month after the completion of irradiation. In this treatment, 20 Gy is irradiated in 12
days (1.67 Gy per day). During the 24h cooling time and the term after irradiation, the chromosomal aberrations are almost unchanged. However, after all the
fractionated irradiation were completed, the aberrations decreased with time.
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