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Three Mutant Genes Cooperatively Induce Brain Tumor
Formation in Drosophila Malignant Brain Tumor

Isolde Riede

ABSTRACT: The Drosophila melanogaster strain Malignant Brain Tumor reveals temperature-sensitive
transformation of the larval brain tissue. Genetic analysis shows that three gene defects, spz™®", yeti*®”,
and t1ld™"", cooperatively induce brain tumor formation. Whereas spz and tld belong to the genes induc-
ing differentiation patterns in the embryo, yeti induces cell overgrowth. spzM"™-, yeti ™*™-, and t1d"*"-con-
taining animals are larval lethal, whereas Malignant Brain Tumor is kept as a homozygous strain at a
permissive temperature. This reveals that this tumor-forming strain is the result of a number of adaptive

mutation events.

INTRODUCTION

Tumor suppressor genes as growth-constraining elements,
and proto-oncogenes as growth-promoting counterweights,
both contribute to the malignant growth of cells. Mutant
cancer-causing alleles of tumor suppressors are usually
recessive, whereas oncogenic alleles can act in a dominant
fashion to promote cell overgrowth. Tumors in humans are
rarely associated with single gene defects [1-3]. Up to six
independent steps are involved in tumor formation. In
experimental models three steps—initiation, promotion,
and progression of tumor tissue—are distinguished [4, 5].
Cancer-predisposing alleles of many tumor suppressor
genes can be tolerated in the germline and developing
embryo. They are activated occasionally following
somatic inactivation of their wild-type partner allele or by
secondary enhancing mutations. A resulting cell over-
growth may develop years later into benign and then
malignant growth. Predisposing genes are the basis of a
variety of familial cancer syndromes such as neurofibro-
matosis types 1 and 2 [6, 7], retinoblastoma [8, 9], or col-
orectal cancers [10, 11]. Although candidates for general
tumor suppressor genes in humans are known [12—14], no
genetic system has been established so far which can dis-
tinguish between single effects on differentiation, prolifer-
ation, and malignancy.

A number of Drosophila tumor-forming strains are
known [15]. Apparently recessive mutations are related to
tumorous growth of a number of cells and tissues. The
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strain Malignant Brain Tumor (MBT) is temperature sensi-
tive (ts) and at the restrictive temperature of 29°C, forms
malignant cells in the larval brain. The transformed cells
are not differentiated and grow after transplantation in a
lethal and invasive fashion. At the permissive temperature
of 22°C, development is normal [16]. One of the loci in-
volved in lethality has been localized to 97F by the P-ele-
ment insertional deletion Df(3R)mbtP, the according gene
has been identified [17]. Recombinants of Df(3R)mbtP and
MBT have been obtained that are able to hatch as adults at
the restrictive temperature. Thus, this deficiency com-
prises an interactive locus, not the tumor Suppressor gene
being responsible for 100% temperature sensitive lethality
(Riede, L., in preparation).

Drosophila chromosomes are in intimate contact in all
cells analyzed. This process is initiated during the S-phase
[18] and called somatic pairing. In salivary gland cells, the
paired chromosomes appear as a haploid set. The isolation
of temperature-independent alleles of MBT revealed a
new class of genes: Lethality-inducing proliferative genes
have been identified which induce hyperplasic growth of
tissue. This tissue melanizes in third-instar larvae. All of
the lethal alleles induce somatic pairing defects of salivary
gland chromosomes. All Drosophila tumor-forming strains
analyzed so far induce somatic pairing defects in defined
regions of the giant chromosomes. This indicates that ex-
cessive cell proliferation correlates with a structural com-
ponent of the chromosomes (Riede I, submitted).

None of the proliferative MBT alleles induces malig-
nant neuroblasts in the larval brain. A second line of genes
is mutant in the strain. These genes do not influence the
cell cycle directly, but do influence the differentiation pat-
tern of the neuroblasts. Two genes of this type have been
identified: The tumor suppressor activity in MBT appears
as the tolloid (tld) allele. tId is homologous to human bone
morphogenetic protein 1, a member of the transforming
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growth factor B (TGFB) superfamily. This family of extra-
cellular factors can stimulate or inhibit cell growth or dif-
ferentiation, depending on the cell type involved [19]. A
maternal factor involved in induction of pupal lethality
appears as spdtzle (spz) allele. Several alleles of the path-
way inducing dorsal ventral polarity to the embryo act as
oncogenes in MBT (Riede [, submitted). Neither tHd""®" nor
spz"™" induces hyperplasic growth of neuroblasts. At least
one different gene should therefore be involved in disrupt-
ing the restriction of the cell cycle. In the present study it
is shown that this mutant gene, yet**’, belongs to the line
of proliferative genes. Three mutant loci induce brain tu-
mor formation. Recombinant homozygote animals induc-
ing malignant transformation of the brain die as third-
instar larvae at a permissive temperature. This shows that
a number of mutant genes in MBT balance lethality at
22°C.

MATERIALS AND METHODS

Strains

Chromosomes were separated in crosses of MBT with
marker/balancer strains (w/w; Pm/SM5; TM3/TM6B or
FM7 or w/w; SM1/Sco; MKRS/TM2) and combined with
complementary wild-type chromosomes. w/w; Pm/SM5;
TMB3/TM6B were crossed, for example, with MBT. One w/—;
SM5/MBT-2; TM3/MBT-3 F1 male was crossed to a +/+;
+/+; TM3/TM6B virgin. +/w; +/SM5; TM6B/MBT-3 F2
animals were crossed infer se, SM5 and TMG6B animals
eliminated in the F3, where possible. Df(3R)8D06[20],
Df(3R)boss14,Df(3R)R1,Df(3R)X72,DI(3R)BX22,DF(3R)P709,
gro™ (groucho, g6F) [21] originated from A. Preiss. Mark-
ers, deficiencies, and balancer chromosomes have been
described elsewhere [22]. The strains were kept and tested
on a special medium (Agar 8 g/L, raisins 40 g/, yeast 60
g/L, semolina 40 g/L, honey 30 g/L, nipagin 0.1%) at 20°C
or 29°C.

Recombination of MBT

A strain, MBT-III, containing only the third chromosome
of MBT and the first and second chromosomes of wild
type, was crossed to ru st e ca (source: E. Gateff), F1
females were backcrossed to TM3Sh,Ser/TM6B. F2 ani-
mals were crossed to TM3Sb,Ser/TM6B and the balancer
chromosomes, where possible, were subsequently elimi-
nated. By this method, homozygous animals could be
obtained and analyzed.

Animals carrying homozygous second chromosomes of
MBT and first and third chromosomes from wild type are
temperature sensitive and induce brain hyperplasia. Thus,
loci on the second chromosome are mutant in MBT. To ob-
tain second-chromosome recombinants, a strain contain-
ing the second chromosome of MBT and first and third
chromosomes from the wild type was crossed to al dp b pr
¢ px sp (source: C. Niisslein-Volhard). F1 females were
crossed to Pm/SM5. F2 animals were crossed to Pm/SM5
and the balancer chromosomes subsequently eliminated.
Screening of 200 recombinant animals occurred for tem-
perature-sensitive lethality of the homozygote animals.
The mutation responsible for temperature-sensitive le-
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thality could be mapped to 107¢cM on the second chromo-
some and was called hedera™™; it does not complement
Df(2R) M-c33a (source: Bloomington stock center). Screen-
ing the homozygous animals for growth abnormalities at
29°C revealed a second locus at 50cM forming knobs on
the thorax. The responsible gene was called hécker™”, In
20% of older individuals, hyaline tissue grows out of these
knobs. Therefore, hdcker*™ might encode an oncogene on
the second chromosome.

Whole Brain Mounts

Parents were placed on fresh medium and shifted immedi-
ately to the restrictive temperature. The F1 generation was
analyzed. Similarly sized L3 larvae were dissected in
Ringer’s solution or phosphate-buffered saline (PBS). Sev-
eral different qualities of the brain could be determined:
The enlargement of the brain is one obvious criterion and
by itself is called hyperplasia. Missing differentiation of
the neuroblasts is definable by whole-mount microscopy:
no substructures are visible in MBT brains. Malignancy
can be defined as ingrowth of the tissue into the ventral
ganglion [16]. The nonligand-binding structural subunit of
nicotinic acetylcholine receptor ARD, is expressed in the
neuropiles of the optic lobes. The expression of this sub-
unit is a marker for appropriate differentiation of the neu-
ropiles. ARD-like immunreactivity in larval brains was
obtained according to Schuster et al. [23]. In the optic
lobes of MBT, ARD is not expressed in the neuroblasts,
Thus, these cells are not differentiated.

Preparation of Giant Chromosomes

Salivary glands were prepared in 45% acetic acid from
third-instar larvae grown at 18°C. The tissue was fixed in
1 N HCl for 30 s and washed in lactic acid:acetic acid: H,O =
5:3:2. The chromosomes were stained in 2% orcein in lac-
tic acid:acetic acid:H,0 = 1:1:1, rinsed in 45% acetic acid,
and squashed.

RESULTS

The recessive lethal ts mutation of MBT causes malignant
transformation of the optic neuroblasts and ganglion
mother cells in the larval brain. Brain tumor formation in
MBT is a multigenic event. No single mutation could be
identified as responsible for brain tumor induction. A
mutation at 92cM has been identified as being involved in
pupal lethality and appearing as spz allele. Recombinants
of different phenotypes of the third chromosome of MBT
have been obtained, and contain this mutation; they are
called spz-1 and spz-2. The tumor suppressor activity of
MBT has been mapped to 85cM on the third chromosome
and identified as a t/d allele. Recombinants of different
phenotypes, called tid-1 and tld-2, have been isolated
(Riede I, in preparation).

spz-1 and spz-2 strains contain the mutant spz gene.
They have been identified as complementing neither spz®”
nor the ameliorating deficiencies Ser+82f24 or TI-I. None
of the spz strains contains the mutant t!d gene, because
they complement td”™ and ameliorate deficiencies XTA1
and X18E at 96A (Table 1). Recombination of the third
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chromosome of MBT with wild type, and screening for re-
combinants that complement Ser+82f24 and TI-I, resulted
in strain MBT*. This strain was subsequently recombined
with ru st e ea. One ru st e marked recombinant, contain-
ing tld, and called tld-1, was retested for its complementa-
tion behavior over spz. Whereas the strong and tempera-
ture sensitive allele spz’” causes partial pupal lethality
over tld-1, full complementation of the deficiencies
Ser+82f24 and TI-1 was observed. Hybrids of tid-1 over
these deficiencies are viable as fertile adults. Thereforee,
tld-1 should not contain the mutant spz. The MBT recom-
binant spz and tId strains were crossed at the restrictive
temperature (Table 1). tld-1 complements spz-1 in both di-
rections; hybrids are viable as fertile adults. This is a fur-
ther indication that tld-1 does not contain the mutant spz,
as shown in Figure 1. t/d-1 does not complement spz-2, in-
dicating, that a common gene defect is concerned in both
strains. Because this gene defect neither is spz nor tld, a
third gene is mutant in MBT in this region and is called
yeti. tld-1 crossed over spz-2 show a maternal component.

Table 1 MBT strains
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Whereas tld-1 does not exhibit 100% temperature-sensi-
tive lethality as a homozygote strain, this partial viability
is transmitted maternally. spz-2 is 100% lethal at 29°C;
this lethality occurs as a maternal component in crosses
with tld-1. The second t/d-containing strain t/d-2, appears
to contain all three gene defects: the strain complements
neither {/d™® nor spz® (Table 1), nor does it ameliorate
deficiencies Ser+82f24, TI-I, XTA-1, and X18E. In addi-
tion, none of the MBT recombinant strains discussed here
are complemented. Therefore, it is concluded that all three
components are present in this strain (Fig. 1). tld-2 can not
be kept at homozygosity at the permissive temperature
(Table 1). MBT is vital at this temperature. It is therefore
concluded that in MBT another set of mutant genes must
be present balancing this lethality.
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To map the as-yet unidentified gene defect between tld and
spz, MBT was recombined with ru st e ca. ru st e-marked
animals should reveal at least three different phenotypes:

Lethality Stage

Asciles Brain tumor

Genotype

Somatic

Strain (markers) g # homozyg”

heterozyg"

pairing'  Hd™¥E  spz”¢  spz1l  spzz  tdi tld2

hécker™

hedera™™"

mal

!

ycnv.URT

spz"*"

=)

mal* 100/20 L3 +
td"!

yetM

SPZMBT
spz-1 sp
(ru, st, e)
yeti"" 100/20 P =
spz*r
(ru, st )
t fdMBT
yetPeT
(ru, st, e)
I-J[dJ\q'BT
veti#"
spzT
(ru, st, )

MBT 100/0 L3  ++ =++/100

MBT-III F++/100

ZMB T

40/40 P = (+)/10

spz-2 F+(10

tld-1 80/20 P ++/20

tid-2 100/100 +4+/80

2R/90 E E

ND E E

-/0 + E (P) (P) + (P)

3L/20 + r (P) P (P) L3

ND (P) (P) B (P) P

3L/80 E E (P P P L3

All of the strains except tld-2, were kept as homozygotes at 20°C.

*The numbers indicate percentage of pupal or third instar larval lethality of the homozygote I'1 peneration at 20°C/25°C. "Gives the stage at which most ani-
mals die at the restrictive temperature of 28°C. P = pupae, L3 = third-instar larvae, “Ascites delines a phenotype occurring at 28°C, causing large hyaline lar-
vae full with fluid and with reduced fat body. "Brain enlargement or growth aberration is obtained when homozygous parent animals are shifted to the re-
strictive temperature. Same-size F1 1.3 larvae are dissected in Ringers solution. =: slight hyperplasia. + -: hyperplasia, nonmalignant [i.e., no ingrowth to
the ventral ganglion) (16). The optic lobes show differentiated nouropiles (i.e., ARD-staining cells are detected in wild-type pattern). +++: tumorous, malig-
nant, ingrowth to the ventral ganglion as delined by Gateff ot al. (16). The neuroblasls are not differentiated (i.e., ARD immunreactivity cannot be found in
the optic lobes). Slash with numbers indicate the percenlage of animals thal show abnormal growth of the larval brain. "Tumor suppression of the strains
was tested by crossing the recombinant strain with MBT. Parents worce shifted to 20°C and same-size recombinant/MBT-L3 larvae dissected and screened
for brain tumor. ‘Somatic pairing defect given as the chromosome arm that is affected most frequently, as percentage of nuclei. *tld and spz alleles are
crossed with MBT strains at 29°C. For embryonic lethality (E) and pupal lethality (P) was screened. +: full complementation. “Complementation pattern of

the MBT strains.
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Figure 1 The expected gene composition of the MBT strains
discussed is shown. Strains spz-1 and spz-2 do not contain #d
because they both complement t/d™* and according deficiencies.
tld-1 does not contain the mutant spz because it complements
spz-1 and according deficiencies (see text). Because spz-1 and
spz-2 are different in their phenotype, at least one additional gene
is mutant in the appropriate chromosomal region. Since spz-2
does not complement tld-1, this additional component should be
present in both strains, and is called yeti. t/d-2 contains all three
mutations.

only spz*”-containing animals should exhibit rough eyes
and partial pupal lethality at the permissive and the re-

strictive temperature, the phenotype of spz-1. spz'®"

yeti"*.containing animals should be 100% temperature-
sensitive lethal, the phenotype of spz-2. spz"®?, yeti*®”
and t/d"*"containing animals should reveal lethality as
homozygotes at 22°C, the phenotype of tid-2. From one ex-
periment, isolating 25 ru st e marked MBT recombinant
strains, nine recombinants exhibited the phenotype of tid-2,
thus recombining e and t/d. Eight recombinants showed
spz-2-type lethality, therefore indicating a recombination
of tld and yeti. Three recombinants were identified with
rough eyes and partial lethality as spz-1, and therefore re-
combined spz and yeti. In five recombinants no lethality
could be detected; thus, they represent events between ca
and spz. e maps to 70.7cM and ca to 100.7cM on the third
chromosome. Thus the distance between the marker genes
covers 30cM. With 25 recombinants between e and ca, by
a method using a five-point cross, the t/d**" gene maps to
82cM, yeti"®” to 89cM, and spz*" to 92cM. Thus, the
missing gene defect should be found on deficiencies at
96F on the third chromosome. Deficiencies 8D06, R1,
X72, and boss 14 do not complement the defects caused in
MBT, spz-2 and tld-1 (Fig. 2). BX22 and P709 fully com-
plement MBT and its recombinants. This indicates that a
gene in 96F, between the break points of Df(3R)X72 and
Df(3R)BX22, is mutant in MBT. Because yeti"®" maps to
89cM, it is concluded that yeti localizes to 96F.

Brain Tumor Formation
The mutation of spz alone revealed asymmetries in the re-
gion of the head-forming tissues. Hyperplasia is a rare
event. The brain phenotype of t/d in MBT has been ana-
lyzed in t/d-1/t1d”"" animals. Whereas hyperplasia of the
brain is not observed in these hybrids, tissue leakage re-
veals a cell adhesion defect induced by mutant tid. How-
ever, hyperplasia, or cell overgrowth, is not initiated by tId
or spz alone.

spz-1 and tld-2, both containing mutations of yeti in ad-
dition to t/d or spz, frequently induce brain hyperplasia

I. Riede
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Figure 2 The strains spz-2 and t/d-1 contain one common
mutant gene: yeti*", This gene could be mapped to 89cM on the
third chromosome and is identified on deficiencies covering 96F.
One of the neurogenic loci, Enhancer of split {Efspl)], exhibits
neural hypertrophy and is localized to 96F. This family of genes
is necessary for the correct differentiation of the embryonic ner-
vous system (21). gro® belongs to the Efspl) locus and, interest-
ingly, does not complement MBT and the strains discussed here.
The strains containing the deficiencies were crossed to the MBT
strains indicated. (E) hybrids are embryonic lethal; (P/E) 90% of
the hybrids died as embryos, 10% died as pupae. + = comple-
mentation. [P] 90% of the animals died as pupae, 10% hatched as
sterile adults.

(Table 1 and Fig. 3). This brain hyperplasia originates from
overgrowth of the brain tissue in the optic lobes. Thus, the
gene yeti appears to induce hyperplasic brains, and there-
fore belongs to proliferative genes. In both strains, sub-
structures are still visible in the optic lobes; the
neuroblasts differentiate accordingly and express ARD in
neuropiles as does the wild type (data not shown). Be-
cause the neuroblasts in MBT brains never express ARD,
the combination of neither t/d""" yeti"*" nor yeti*" spz"*"
is sufficient to induce brain tumor leading to undifferenti-
ated brain tissue. Accordingly, ingrowth of tissue into the
ventral ganglion, or malignancy of the cells, is observable
neither in spz-2 nor tld-1. In the strain t/d-2, which carries
all three defects, tId"®" yeti*®” spz"*", a brain tumor was
observable (Fig. 3). The tissue did not show any substruc-
tures. Differentiated, ARD-expressing neuropiles were not
observed. Tissue invasion into the ventral ganglion was
possible and thus the tumor was malignant. Therefore the
three genes identified—t/d""", yeti"®”, and spz**" coopera-
tively induce brain tumor formation in MBT.

Additional Mutant Loci in MBT

Whereas the combination of the three mutant genes—
tId""" yeti™®" gpz¥"—in strain tld-2 induces brain tumor
formation of MBT, the phenotype at the permissive tem-
perature is not the same (Table 1). Whereas MBT is vital as
a homozygote at 20°C, t/d-2 animals require balancing.
Cooperative, additional mutations are expected to balance
this lethality, Animals containing homozygous third chro-
mosomes of MBT and wild-type first and second chromo-
somes hatch as sterile adults, and therefore contain at least
one additional mutation balancing the lethality of tid-2.
Previously an inversion of the third chromosome of MBT
was identified. The concerned gene, mali, has been defined
(Riede I, submitted). Thus, this mutant gene is a candidate
for balancing the lethality-inducing effects of tid-2. mali at
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Figure 3 The brains of same-size third-instar larvae at the same magnification. Bar represents 100 pm. (a) The
optic lobes of MBT show no substructures. Neuroblasts are not differentiated. (b) The brain of #/d-2 exhibits the
same unstructured optic lobes as does MBT., Malignancy of the tissue is visible owing to the asymmetry of the ven-
tral ganglion (arrow). (c) The brain of MBT* is shown. This recombinant strain of the third chromosome of MBT
with wild type complements spz-1 (i.e., has lost the mutant spz). The brain is asymmetric and malignancy of the
tissue is not observed. (d) The brain of spz-2 is hyperplasic but structured. The neurons are differentiated. (e) tid-1
brains reveal the same size and differentiation pattern as spz-2 brains. In addition, leaking tissue can be observed
(arrowheads). (f) The brain of a wild-type animal.

the recombinants.

Somatic Pairing Defects

139

53cM on the third chromosome belongs to the prolifera-
tive genes involved in MBT. These gene defects show for-
mation of melanotic tumor masses and reveal somatic
pairing defects. Somatic pairing defects correlate with
excessive cell proliferation in Drosophila. The strain MBT
especially shows frequent somatic paring defects of the
second chromosomes. The mutant genes of MBT seem to
cooperate genetically, balancing lethality, sterility, or
growth abnormalities caused by single defects. The ques-
tion arises as to whether the cooperative action of the
genes involved is visible in the somatic pairing pattern of

The giant chromosomes of the MBT strains discussed here
were analyzed. Complete somatic pairing is observed in
the strain spz-1. Therefore, as expected, spz**" does not
belong to the proliferative line of genes. Strain spz-2
reveals somatic pairing defects, most frequently in part of
the left arm of the third chromosome (Fig. 4). In about

regions of the third chromosome are unpaired.

Figure 4 Somatic pairing defect. The strain spz-1 does not
show unpaired regions of the giant chromosomes (a). As example
for the somatic pairing defect (b), the giant chromosomes of
homozygous spz-2 larvae, grown at 18°C, are presented. The
arrowhead indicates the beginning of the pairing defect. Long
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20% of the nuclei analyzed, unpaired regions are found.
Therefore, spz-2 contains a proliferative gene defect:
yeti™, In strain tld-2, 80% of the nuclei show the pairing
defect most frequently involving chromosome arm 3L.
thus, the addition of t/d"*" enhances the frequency but not
the quality of the pairing defect: The same chromosomal
regions are concerned. In MBT, the right arm of the second
chromosome is frequently unpaired. Thus, the additional
set of gene defects in MBT governs a different chromo-
somal region which is frequently unpaired. At a different
frequency and at different sites, chromosomes are unpaired
in MBT and recombinants.

The gene defects involved in MBT cooperate geneti-
cally. This cooperation is visible on the giant chromo-
somes: The structural defect involved different chromosome
regions in different strains, Brain asymmetries inducing
strain spz-1 shows fully paired chromosomes. In the brain
hyperplasia inducing strain spz-2, 20% of the nuclei show
unpaired regions. In brain tumor-forming strain tid-2, 80%
of the nuclei show pairing defects. Thus, the frequency of
the nuclei revealing pairing defects seems to correlate
with the potential of the strain to induce tumorous growth
of cells. Therefore, analysis of the biochemical compo-
nents disrupting the somatic pairing process in the mu-
tants of the proliferative genes will reveal the central
defect in tumor induction.

DISCUSSION

Tumor formation in MBT is a multigenic event. Recombi-
nants of MBT show a number of phenotypes. Despite great
effort, a strain with one defined gene defect inducing brain
tumor could not be obtained.

Alleles of MBT map to a hot spot at 56cM on the third
chromosome, near an identified chromosome inversion.
Lethal alleles reveal the formation of melanolic masses and
are a defect in somatic pairing. They are members of a new
class of genes disrupting the restriction of the cell cycle.
These proliferative genes might play a pivotal role in tu-
mor induction (Riede I, submitted). Two additional gene
defects could be identified genetically: these are not prolif-
erative gene defects. The mutant t/d appears as a tumor
suppressor and the mutation of spz leads to asymmetries
during the differentiation of the brain. The strain spz-1
does not show hyperplasic growth of neuronal tissue dur-
ing development, and no pairing gaps are observed. There-
fore, spz does not, as expected, belong to the family of
proliferative genes. The recombinant strain spz-2 also con-
taining the mutant yeti shows somatic pairing defects.
Therefore, yeti belongs to the proliferative line of genes.
The disruption of the pairing process correlates with hy-
perplasic growth of the brain of spz-2, which was not ob-
served in spz-1. The disruption of the somatic pairing
indicates cell overgrowth, not necessarily the formation of
malignant tumor tissue. In spz-2, nonmalignant over-
growth of brain tissue is observed. In {/d-2, the strain con-
taining three identified mutant genes, the formation of a
malignant tumor is observed. Therefore, tld, the identified
tumor suppressor gene of MBT, is involved in defining ma-
lignancy of the cells. This was expected, since transtorma-
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tion rescue of MBT with recombinant t/d did result in
differentiated hyperplasic optic lobes, which cells lost the
capacily for tissue invasion (Riede I, in preparation).

Somatic pairing defects correlate with the enhance-
ment of cell proliferation in Drosophila. In MBT, the pair-
ing pattern is specifically destroved and reveals most
frequently pairing gaps of the second chromosome. The
tumor forming recombinant strain t/d-2 reveals pairing
gaps of the third chromosome. This indicates that a num-
ber of genes is mutant in MBT, balancing the somatic pair-
ing process in different chromosomal regions. Interactive
genes are mutant in MBT, giving structural information to
different parts of the chromosomes.

Human cancer development occurs in three distinct
steps: initiation, promotion, and progression, as the result
of three important defects adopted by some of the cells.
Because in MBT three mutant loci are involved in malig-
nant transformation of brain cells, the mechanisms of tu-
mor formation in humans and flies could be similar.

The primary, initiating event during tumor formation
concerns the proliferation of cells. The proliferative genes
are candidates for tumor-initiating gene defects; their dis-
ruption leads to visible cell overgrowth and melanotic tu-
mors, and thus the cell cycle is affected. For promoting
and progressing malignant tumor tissue, genes that affect
the differentiation pattern of cells seem to be involved.
The proliferative gene mutants all show somatic pairing
defects of their giant chromosomes. The biochemical func-
tions involved in this process will lead to the functions in-
volved in tumor initiation.

For strains, the author is grateful to A. Preiss, Hohenheim, C.
Niisslein-Volhard, Tibingen, and E. Gateff, Mainz. The author
thanks A. Ansell for reading the manuscript. This study was
made possible by a grant from the Deutsche Forschungsgemein-
schaft (Ri-722).
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