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Introduction

Cancer is the most important risk of radiation exposure. There is a definite lack of suitable
test systems, human epidemiological data are only available for certain radiation types,
especially not for charged particles. We use the Xiphophorus model [1] which is genetically
well characterised. As a prelude to experiments with heavy ions we report here on results
obtained with x-rays to establish the necessary baseline for future studies. Apart from
this direct aim we hope to obtain also a better insight in the genetical determination of
cancer formation.

The normal xiphophorine pigment cell pattern, i.e. the cellular basis on which
melanoma develops, is determined by developmental genes (oncogenes) that are conducted
by x-erbB*?, a xiphophorine homolog of the erythroblastosis virus erbB oncogene (Zechel
et al., 1988; F. Anders, 1991; [5],(2]). The oncogenes are negatively controlled by directly
acting suppressor genes and positively controlled by indirectly acting oncostatic genes
(F. Anders et al., 1985 [3]). Xiphophorine melanoma, like neoplasia in general, develops-
mainly following loss, impairment or malfunction of the controllers, and is boosted by
endogenous or exogenous tumorpromoters (A. Anders et al., 1991 [1]). The oncodeter-
minants, in reality normogenetic developmental genes and their controllers, are inherited
according to Mendelian rules (F. Anders and Zechel, 1993 [4]).

We are studying a so far unkown oncodeterminant which, following a single treatment
of embryos or eggs with X-rays, generates a non-Mendelian transmission of melanoma and
an accelerating increase of its incidence through the succeeding generations.

The results obtained although interesting have to be considered as preliminary. They
will be supplemented by investigating lower doses and in the case of pregnant fish different
stages of embryogenesis.

Materials an methods

Platyfish (X:iphophorus maculatus) exhibiting black spots on the body side (Sp) or a black
spot at the dorsal fin (Sd), or stripes on the side of the body (Sr) were used. Mature fish
were irradiated in a metal basin filled 2 cm with water. It was placed 80 ¢m from the
focus of a Rontgen Miiller apparatus MG 150. X-rays were emitted at a dose rate of 0.22
Gy/min, 150 kV, 12 mA and filtered through 0.2 mm Cu and 0.5 mm Al. Germ cells were
irradiated in the parental individuals, embryos in pregnant females. For young and small
fish which require a more gentle treatment we replaced the metal basin by cell culture
flasks. The fish were silenced by cooling to 12 °C and - after the treatment - waken up by
warming. Whole- body x-ray doses in the range of 1-15 Gy were used which did not cause
significant lethality. Only surviving animals were included in scoring.

Results

Insensitivity of purebred adult platyfish to provocation of melanoma.
Whole body X-irradiation with 1 to 20 Gy which has been performed with several thou-
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sands of purebred adults for different purposes, has no detectable effect on the number
of melanophores, as well as on spots and stripes that, in principle, may grow out to
melanoma. This observation contributes to our so far indisputable findings that, based
upon Mendelian genes, natural selection in the wild populations is directed against neopla-
sia and makes the animals largely insusceptible to neoplasia, i.e insentitive to carcinogens.

Sensitivity of germ line cells and embryos of purebreds to provocation of

outgrowth of spots to benign melanoma in the development to adults.
Males, and females bearing eggs and embryos in their belly were treated with a single X-
irradiation of 9 or 15 Gy, respectively. While this treatment does not impair the health
of the parents and the offspring, and has no effect on the spot and stripe patterns of the
parental adults, it causes - irrespective of whether eggs, embryos or both were hit - a
uniform increase in the number of the spots and an enlargement of the spots to confluent
and thickened areas in the developing generation. No such enlargement was observed in
the stripes. A clear dose-effect relationship could not yet be established.

The enlarged spot areas resemble those of the wellknown benign melanomas which
develop “spontaneously” in the platyfish-swordtail F1 hybrids and in those BC segre-
gants, that harbor the oncostatic differentiation gene Diff. The genetic basis of the X-
ray-provoked benign melanoma of the purebreds, however, is not identical to that of the
hybridization provoked spontaneously developing benign melanoma: Matings between be-
nign melanoma bearing F1 hybrids produce offspring exhibiting tumor expression from
zero to extreme malignant whole-body melanoma. This result suggests a Mendelian in-
heritance of oncodeterminants. In contrast, the result of matings between the benign
melanoma bearing purebreds grown up from irradiated germ line cells and embryos fol-
lows mechanisms other than Mendelian laws:

The nontreated adult offspring of the animals which had been treated as embryos
or eggs in the belly of their grandmothers (9 or 15 Gy) exhibit benign melanomas like
their directly treated (as embryos and eggs) parental generation. This enhancement of
the tumorous phenotype remained unchanged without any further treatment through 45
inbred generations of two closed stocks. Since this increase takes place in all fish developing
from the irradiated embryos and germ cells as well as in the descending generations, we
conclude that both somatic and germ cells are hereditarily altered in the same direction
by a so far unknown mechanism.

In order to examine more closely the genetics of the X-ray-provoked increase of phe-
notypic expression of the spots to benign melanoma, three types of crossing procedures
were accomplished between nonirradiated platyfish carrying chromosomes that had been
either irradiated or non-irradiated in the ancestry (Table 1; a,b,c):

a). Nonirradiated X5?-X°? females bred from purebred ancestors which were irradiated
as embryos and, therefore, exhibit spot outgrowths to benign melanoma (the irradiated
chromosomes are symbolized by conture letters in the table) were crossed with nonirra-
diated X*? Ymales bred from nonirradiated normal spotted purebreds (the nonirradiated
chromosomes are symbolized by normal letters). Double reciprocal crosses with respect
to sex and to the irradiated and nonirradiated ancestry were also made. These crosses
resulted in similar increase of Sp expression irrespective of whether the descendants carry
the irradiated or the non-irradiated X5? chromosome.

b). To distinguish the effects of irradiated and nonirradiated autosomes and X- and Y-
chromosomes individually, nonirradiated females of Sp stocks bred from fish which were
irradiated as embryos in the ancestry were crossed with nonirradiated males of Sd stocks
bred from nonirradiated fish. Triple reciprocal crosses with respect to sex and the Sp-and
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Figure 1: Increase of tumor expression from spots to melanoma in descendents
of crosses of nonirradiated animals carrying irradiated (9 or 15 Gy; contured
symbols) and/or nonirradiated chromosomes (normal Symbols). 5 experimen-
tal sets each. (A, autosomes; X, Y, sex chromosomes; Sp, spotted body side; Sd, spotted
dorsal fin)

Genotypes of No. of Tumor expression
ancestral generations descendents in the descendents
a. AA XS5p XS x  AA XSP Y several thousands all animals exhibit
AA XSSP xSP x Aam M Y in 35 generations increased Sp
b. AA XS XS» x AA x5d v 44
Ap XS54 x5d AA X5p v 43 all animals exhibit increased
AA XSP xSP x AA XM v 124 Spand Sd (n=304)
AA x5d x3d x ag xS0 Y 93
c. AAXSP XSSP x AA XSP Y 9 normal to less increased
AAXSPXSP  x AA X9 ¥ 54 normal to increased
AA XSSP XSP  x &A XSP ¥ 32 increased

Sd- chromosome from irradiated and nonirradiated stocks were made. All of these crosses
reveal an increased expression from spots to benign melanoma in both irradiated and
nonirradiated Sp- and Sd-phenotype in the male and female offspring (n= 304) to the same
extent as observed in those parents having the complete set of irradiated chromosomes.
Individuals inheriting both Sp and Sd phenotypes show outgrowths to benign melanoma in
both. The results indicate firstly that the increase of Sp and Sd expression in the offspring
is neither dependent on a specific mutation of the critical x-erbB*® oncogene nor due to any
other genetic change restricted to the irradiated XSp or XSd chromosome, secondly, that
this genetic alteration cannot involve mutations of cytoplasmic constituents contributed in
different quantities by ovum and sperm because the increase of phenotypic expression from
spots to melanomas is independent of the sex of the parent contributing the irradiated
chromosomes to the offspring, and thirdly, that half of the diploid chromosome set that
is irradiated is as effective in the offspring as the entire irradiated chromosome set in the
parents. The latter observation suggests a matching of the effect in the offspring up to
that of the parents.

¢). To test the distribution of the determinants of the increased Sp- and Sd-expression
in the genome more closely, males and females having half of their chromosomes anches-
trally irradiated, were crossed with fish having none of, half of, or the complete set of chro-
mosomes irradiated. The result indicates that the variation of the phenotypic elevation
of the spots to melanomas corresponds to the variation of the mode number of irradiated
chromosomes in the offspring. This variation points to a large number of oncodetermi-
nants that are widely distributed in the chromosomes. Nonchromosomal determinants
cannot be involved in the increase of spot expression to melanoma because one would not
assume that these are transmitted to the offspring in proportions similar to those of the
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chromosomes.
The question arises whether the chromosomes treated in the ancestry of the platyfish

carrying the benign melanoma outgrowth will intensify the well known ordinary benign
and malignant melanoma that appears in the platyfis . /swordtail hybrids “spontaneously”
(see F. Anders, 91). Therefore, nonirradiated platy: - of the Sp and Sd stocks bred from
fish irradiated as embryos 10 generations earlier, were crossed and backcrossed with nonir-
radiated swordtails bred from nonirradiated ancestors. Four sets of experiments produced
benign melanoma bearing F1- and BC-hybrids (with Diff ) and malignant melanoma bear-
ing BC-hybrids (without Diff ), and all of them (n=155) revealed an earlier onset and a
boost of tumor severity as compared to the standard displayed by the ordinary Mendelian
tumor determinants of the oncogene-suppressorgene machinery.

Tumourigenesis in hybrid fish: the “I-model”

The genotypes used so far are highly suitable for the detection of the transgenerational
uniform augmentation of Mendelian-based melanoma development by the non-Mendelian
oncodeterminants at the individual level; however, they are inadequate for the detection of
Mendelian-independent tumor frequencies at the populational level that could mimic the
mysterious increase of melanoma frequency in human populations. To study the putative
influence of the transgenerational oncodeterminants at the populational level we developed
a hybrid fish model in which all individuals are equally strong protected from melanoma by
a particular critical suppressor gene which is closely linked to the x-erbB*® oncogene. Both
x-erbB=* and the linked suppressor are the only platyfish-specific oncodeterminants in the
swortail genome. The insensitivity to hybridization-conditioned Mendelian melanoma and
the sensitivity to X-ray-induced melanoma in the model appear as different developmental
processes. Insensitivity to hybridization of the Sr phenotype remains unchanged in the
model, its insensitivity to X-rays, however, changes to sensitivity, and neoplasia can be
provoked by mutations of the only Mendelian controller that is retained in the model.
Because initiation is required for melanoma in this model we called it “I-Model”. All
individuals of the I-Model are equally endowed with the capacity to develop melanoma.
The non-Mendelian transgenerational oncodeterminants which appear to be selfish are

- expected to turn the balance from non-tumorous to tumorous fish in a given experimental

population (Table 2; a,b,c):

Thousands of fish of the I-Model have been brec Generally they remain lifelong
tumorfree. However, if the adults of the I-model were .reated with X-rays (10 Gy/3 x
45 min, 6 intervals), 19% of the survivors (390/2010) developed malignant melanoma
after 8 to 10 months. The sharply circumscribed shape of the melanomas suggests their
somatic mutation-conditioned unicellular origin. We are planning to use this model in
future studies both with x-rays and heavy ions.

We compaired also two successive siblings of one pair of parents each. The one siblings
were born before, and the others after their mother was treated with X-rays. Melanoma
formation of the treated animals starts developing early in embryonic life and may end
lethally as wholebody melanoma at the time of birth. They are of unicellular origin like
the irradiation-provoked melanomas in the adults although they look, due to their early
appearence, large-faced like the common Mendelian ones that actually are of multicellular
origin. An average 33 % of the adults treated as embryos develop severe melanoma. No
Mendelian background of melanoma incidence was observed. Non-tumorous adults showed
no signs of being cryptically affected by the -reatment as embryos.
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Figure 2: Increasing X ray.initiated melanoma incidence running through the
generations of the I-model as compared to the lack of increase in the promoter-
promoted P-model (counted in adults of age 8-10 months).

Treatment of Melanoma in Adults
Initiation in the % Promotion in the %
I1-Model P-Model
a. Adults 390/2010 19 832/974 § 85
(589/3348) ¥ (18)# '
after 8- 10 months; after 8-10 weeks;

in the adults only

b. Embryos . 234/703 i3 0/218 § 0
starting in the embryos
c. Embryos in - 591/1131 52 0/567 § )]
the 17th starting spontaneously
ancestral in the embryos of the
generation descendent generations

# Total ofd‘_ﬁla for treatment with X-rays, MNU, ENU, 1Q; § Total of data for
treatment with Methyltestosterone, Trenbolone, Stanozolol, Tamoxifen.

Non-tumorous mates of siblings treated as embryos were inbred in closed stocks. Tu-
morous offspring resembling those of the irradiated anchestry in shape and percentage
occurred without any further treatment. As these tumorous fish occurred in the closed
stock laboratory populations, they were excluded from their possible contributions to the
succeeding generations. Selective decrease of tumor incidence which was to be expected
was not observed. Instead, melanoma incidence increased in the populations of the closed
stocks. Since the beginning of the irradiation/selection experiment 8 years ago we estimate
an average run of 17 generations through the populations of the closed stocks of the I-
Model. When the fish reach an age of about 20 months, they become more melanomatous.
and additional sarcomas and carcinomas develop. At present the number of generations
bred in the closed populations is estimated to 22, and no further change was observed.
It appears that a balance between increase of tumor incidence and rate of tumor deaths
stopped the endogenous populational dynamics, as if the phenomenon were epidemic.

In parallel to the phenomenological investigations studies at the molecular level are in
preparation.
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GERMAN EXPERIMENTS FOR EUROMIR ‘94 MISSION
- Status July 1994 -

Principal Investigator Experiment Title

CARDIOVASCULAR SYSTEM

Kirsch (U Berlin) Fluid Shifts into and out of Superficial
Tissues and Tissue Stability along Body
Axis under Micro-g Conditions in Man

Gunga (U Berlin) Effects of Changes in Central Venous
Pressure on the Erythropoietic System
under 1-g and Micro-g Conditions

NEUROPHYSIOLOGY

Scherer (U Berlin) Adaptation of Basic Vestibulo-Oculomotor
Mechanisms to Altered Gravity Conditions

MUSCULOSKELETAL SYSTEM

Zange (DLR) Magnetic Resonance Spectroscopy, Imaging

of Human Muscles, and Muscle Biopsy
before and after Space Flight

ENDOCRINOLOGY and METABOLISM

Drummer (DLR) Fluid and Electrolyte Balance during
Weightlessness and Possibilities of their
Regulation

Riepl (U yﬁnchen) Gastroenteropancreatic Peptides during

zero Gravity and their Possible
Involvement in Space Motion Sickness

Strasburger (U Miinchen) Non-Invasive Stress-Monitoring in Space
Flight by Hormone Measurement in Saliva



GERMAN EXPERIMENTS FOR EUROMIR ‘94 (contd.)
- Status July 1994 -

Principal Investigator Experiment Title

OPERATIONAL MEDICINE

Gundel (DLR) Circadian Rhythms and Sleep during a

30-Day Space Mission
Mittelstaedt (MPI Spatial Orientation and Space Sickness
Seewiesen)

RADIATION BIOLOGY

Reitz (DLR) Radiation Health during Prolonged Space
Flight - :
Obe (U Essen) Chromosomal Aberrations in Peripheral

Lymphocytes of Astronauts



GERMAN EXPERIMENTS FOR EUROMIR ‘95 MISSION
- Status July 1994 -

Principal Investigator Experiment Title
NEUROPHYSIOLOGY
Dietrich (U Miinchen) Differential Effects of Otolith Input on

Ocular Lateropulsion, Cyclorotation,
Perceived Visual Vertical, Straight Ahead
and Tonic Neck Reflexes in Man

Markham/Scherer Correlation of Eye Torsion Changes with
(USA/U Berlin) the Time Course of the Space Adaptation
Syndrome

ENDOCRINCLOY AND METABOLISM

Drummer (DLR) Non-invasive Monitoring of Drug Metabolism
and Drug Effect During Prolonged
Weigthlessness

MUSCULOSKELETAL SYSTEM

Zange (DLR) MR Spectroscopy and Imaging of Human
Muscles and Bones Before and After Space
Flights

RADIATION BIOLOGY

Reitz (DLR) Radiation Health during Prolonged
Spaceflight ,
{
Obe (U Essen) Chromosomal Aberrations in Peripheral

Lymphocytes of Astronautes
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CARDIOLAB Configuration

Physiological PHYSIOLAB MEDEX
Parameter component component
blood pressure Portapress
respiratory rate Basic Module
temperature Basic Module
ECG Holter Basic Module
EEG EEG Module "
arterial resistance Portable Doppler
venous compliance Plethysmogr.
muscle tonicity Reflexometer Imp. Module (BIM)
fluid distribution by |
body impedance Imp. Module (EIT)
fluid distribution by
tomography NIR Moduie
microcirculation
blood/urine analysis (CNES study) (DARA)
stimulation devices (CNES) (DARA)
data acquisition (CNES)




MEDEX - Schedule

Laboratory Model |

Laboratory Model |

Laboratory Model |
Laboratory Model i

Laboratory Model |

Lab. Model |

Central Unit with

Data Intertace
Supply Unit

Mobile Terminal

Basic Module

impedance Module

EEG Module

A

Delivery and functi-
onal test

Delivery to ZPK,
Moscow

CNES/DARA Experimenter
/Coordination Meeting

for Pre-postflight

Studies at ZPK

Verification phase at
ZPK

Manufacturing

Pre- and postfiight
investigations at ZPK

Lab. Model li

18. Oct. 1994
24. Oct. 1994

24./25. Nov. 1994

Nov. - Dec. 1994
15. Oct. 1994
- 31. Jan. 1994

6 Missions/Equipages
i.e. 12 Cosmonauts

Central Unit with
Data Intertace

Supply Unit

Mobile Terminal

Basic Module

impedance Module

EEG Module
NIR Module

LBNP Control
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