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ABSTRACT

Tumor suppressor genes of Drosophila are developmental genes which, in the

homozygously mutated state, induce in one step malignant or benign neoplastic transformation
of specific cell types. They act early in development and by this set the stage for cell specific dif-
ferentiation of imaginal discs, adult optic neuroblasts, blood and gonial cells. The structure,
expression and possible function of the following four tumor suppressor genes are discussed:
tumorous imaginal disc, lethal(3)malignant brain tumor, lethal(3)malignant blood neoplasm-1 and

benign(2)gonial cell neoplasm.
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Introduction

During normal development, growth control, differentiation
and the maintenance of the differentiated state are intricately
coordinated. Despite the far-reaching discoveries of genes
instrumental in cell cycle control (Nurse, 1990; Saint and Wigley,
1992; Orr-Weaver, 1994) and tumorigenesis (Hunter, 1991) very
little is known about their developmental interactions. The aber-
rant coordination between cell growth and differentiation is most
dramatically seen in cancer, where mitotically active and devel-
opmentally determined cells fail to differentiate and, conse-
quently, engage in autonomous malignant or benign neoplastic
growth.

In Drosophila melanogaster about 28 recessive-lethal genes
have been identified which, in the mutated state, cause malig-
nant or benign neoplastic transformation of specific cell-types in
the embryo, the larva and the adult (Gateff, 1978a,b, 1982a,
1994: Gateff and Mechler, 1989; Bryant, 1993). Apparently, the
genetic information, provided by the wild-type alleles of these
genes, suppresses tumorcus growth by promoting cell differenti-
ation. The cloning of 12 of these genes supports this view. Most
of the gene products are found in the cytoplasm or associated
with the cell membrane, where most of them seem to be instru-
mental in cell-cell communication or signal transduction (Bryant
et al., 1993).

We have cloned the following four tumor suppressor genes:
(i) lethal(2)tumorous imaginal discs, (i) lethal(3)malignant brain
tumor, (i) lethal(3)malignant blood neoplasm-1 and (iv)
benign(2)gonial cell neoplasm. In the following text we present
pertinent data for each of the genes and discuss their possible
functions in tumor suppression.
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lethal(2)tumorous imaginal discs [I(2)tid] encodes the
Drosophila homolog of the chaperone DnaJ

Mutations in the tumor suppressor gene /(2)tidt cause in
homozygotes malignant transformation of the imaginal discs and
the death of the mutant larvae at the time of puparium formation
(Kurzik-Dumke et al, 1992). The neoplastic imaginal discs,
unable to differentiate, engage in an autonomous, lethal growth
in situ as well as after transplantation in vivo into the abdomens
of wild-type flies. The /(2)iid" gene lays in polytene chromosome
bands 59F4,5. An extensive genomic walk, performed in the
polytene chromosome region 59F1-60A7 (Gundacker et al,
1993), allowed the molecular localization of the /(2)tid" gene to a
20 kb genomic region (Kurzik-Dumke et al., 1995). cDNA-, exon-
and transcript-analysis of this genomic region revealed three
transcription units representing three genes. In order to identify
which of the three genes represents the /(2)tid* gene, Southern-
and Northern analysis of hetero- and homozygous mutant ani-
mals from tumor-bearing alleles 1 and 2 and the non-tumorous
fourth allele, together with the corresponding progenitor strains,
were performed (Kurzik-Dumke et al., 1995). Southern analysis
restricted the /(2)tid" gene region from 20 to 10 kb of genomic
DNA harbouring two closely interspaced genes, /(2)tid* corre-
sponding to cDNA 10D and the lethal(2)neighbour of tid [I[(2)nof]
represented by cDNA 10F (Fig. 1A). The demonstration that
cDNA 10D belongs to the /(2)tid" gene was performed via tran-
script analysis of wild-type (Fig. 1B) and homozygous mutant lar-
vae (Fig. 1C). In Northern blots from homozygotes of the two
tumor-bearing /(2)tid alleles 1 and 2 the constitutively expressed
2.0 kb transcript, recognized by cDNA 10D, is absent (Fig. 1C,
arrows). In contrast, the 0.82 kb larval-specific transcript, also
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detected by cDNA 10D, and the constitutively expressed 2.2 kb
transcript, identified by cDNA 10F (Fig. 1B,C), are present.
Changes of the RNA expression pattern could also be seen in
situ in the tumorous imaginal discs (U. Kurzik-Dumke, unpub-
lished results).

In order to determine the organization of the i(2)tid* and
I(2)not* genes, cDNAs 10D and 10F and the corresponding 7.0
kb genomic Hindlll-fragment (Fig. 1A) were sequenced. The
i(2)tid- gene spans a total of 2,539 nucleotides and resides on
the opposite DNA strand in the 2.6 kb intron of the /(2)not™ gene.
The temporal and tissue-specific overlap of expression (Kurzik-
Dumke, unpublished) and the nested arrangement of these two
genes suggest, but do not prove, a functional relationship
between the /(2)tid* and /(2)nott genes. Supporting this assump-
tion are germ line transformation experiments, which showed
rescue of the /(2)tid tumor phenotype only with a construct
including both genes (Kurzik-Dumke et al., 1995). The /(2)tid"
gene, consisting of two exons (1,696 bps) which are subdivided
by an intron of 142 bps (Fig. 1A), encodes a predicted Tid56 pro-
tein of 518 amino acids and a molecular weight of 56 kDa. It
shows significant homology to all presently known DnaJ-homol-
ogous proteins from bacteria, yeast, and man (Kurzik-Dumke et
al, 1995; Fig. 1D). Ongoing investigations are concerned with
the guestion whether the Tid56 protein belongs, like its E. coli
and yeast homologs, to the hsp 70 chaperone machinery, and
whether it possesses similar functions.

lethal(3)malignant brain tumor [/(3)mbt] belongs to
the Polycomb-Group gene family and codes for a nov-
el proline-rich zinc finger protein.

The homozygous third instar larvae of the temperature-sensi-
tive /(3)mbfsT allele exhibit, at the restrictive temperature (29°C),
malignant brain tumors consisting of autonomously and inva-
sively growing, differentiation-incompetent adult optic neurob-
lasts and ganglion-mother cells (Gateff, 1982a; Gateff et al,
1993).

Shift-up experiments revealed an early embryonic tempera-
ture-sensitive period for tumor-suppression, encompassing the
first 8 h of embryonic life. Shifts to the restrictive temperature
during this period yielded 100% brain tumors (Gateff et al.,
1993). Between the 6th and 8th developmental hour an abrupt
reduction of brain tumors down to 30% was observed. The brain
tumor incidence thereafter declined gradually and reached zero
around the mid second larval instar. Shifts performed during the
third larval instar and the pupal period did not produce brain
tumors anymore, but led to lethal adult brain defects (Gateff, per-
sonal observation) and female sterility (Gateff and Miyamoto,
1990).

The /(3)mbt gene is located in polytene chromosome bands
97F3-11 (Gateff ef al, 1993). A successful P-element germ line
transformation and the sequences of three overlapping cDNAs
defined a genomic region of 6.8 kb containing the gene (Wismar
et al., 1995; Fig. 2B,C).

Developmental wild-type Northerns showed seven transcripts
of 1.8 kb, 4.4 kb, 5.0 kb, 5.25 kb, 5.35 kb, 5.65 kb and 5.8 kb with
developmental-specific expression (not shown). In adult females
and in 0-3 h old embryos the maternal 5.25 kb and 5.0 kb tran-
scripts are expressed strongly. In contrast, the 5.8 kb and 4.4 kb

transcripts show weak expression throughout development.
During the next 3 h of embryonic life (3-6 h) two additional weak-
ly expressed transcripts are detectable (5.35 kb, 5.65 kb). In
mutant embryos of comparable age the 5.25 kb, 5.35 kb and
5.65 kb transcripts are missing. Thus we consider the absence
of these three transcripts, which correspond well with the tem-
perature-sensitive period for tumor suppression, responsible for
the malignant neoplastic transformation of the adult optic neu-
roblast precursors.

I(3)mbtt shows ubiquitous expression in stage 1 embryos
(Fig. 2D), which in subsequent developmental stages becomes
regionalized to the subcellular blastoderm cytoplasm (Fig. 2E),
the germ band (Fig. 2F), and the central nervous system (Fig.
2G). In addition, other tissues express the /[(3)mbt+ gene, but at
a lower level. While during the two first larval instars /(3)mbi* is
expressed throughout the central nervous system, in the third
instar larva only the presumptive adult optic neuroblasts in the
brain show expression (Fig. 2H). In contrast, the mutant brain
hemispheres exhibit ubiquitous expression (Fig. 21) due to the
neoplastic neuroblasts and ganglion-mother cells which invade
all healthy portions of the brain.

The genomic organization of the /(3)mbt gene, corresponding
to the 5.25 kb transcript, is seen in Fig. 2C. Three exons define
an open reading frame of 4431 bp and a putative protein of 1477
amino acids with a molecular weight of 163 kDa. The MBT163
protein is characterized by a high proline content of 9.3%. Proline
is especially enriched (12%) within the N-terminal 632 amino
acids (Wismar et al, 1995). A search for conserved motifs
revealed a novel single zinc finger of the CC-CC-type (Klug and
Rhodes, 1987). Furthermore, three repeats of 93-105 amino
acids, designated as mbt-repeats, are present in the C-terminal
half of the putative MBT163 protein (Wismar et al., 1995). These
repeats show homology to repeats present in the Pec-G gene sex
comb on mid leg (Scm; Bornemann et al., 1996). In the C-termi-
nal region a SAM (Sterile o Motif) box is present, which shows
high homology to similar SAM boxes found in the Drosophila
Polyhomeotic and the mouse Rae28 genes (Ponting, 1995). By
the aid of specific anti-MBT163 antibodies the protein is found in
the nucleus. The above findings indicate strongly that the /(3)mbt
tumor suppressor gene belongs to the Pc-G gene family.

lethal(3)malignant blood neoplasm-1 [I(3)mbn-1]
encodes a cytoplasmic protein with Gly/Ser-rich
repeats

Two blood-cell types originate in the wild-type larval
hematopoietic organs: (i) the phagocytic plasmatocytes and (ii)
the crystal cells involved in hemolymph coagulation and
melanization (Rizki, 1978; Shresta and Gateff, 1982). The wild-
type hematopoietic organs release a relatively small number of
blood cells into the hemolymph, where most of them remain
attached to the basement membranes.

Contrary to the well regulated wild-type hematopoiesis, reces-
sive-lethal mutations in the /(3)mbn-1* gene cause an enormous
overproliferation of plasmatocytes in the hematopoietic organs
and after their release into the hemolymph (Shresta and Gateff,
1986). In contrast to their wild-type counterparts, the mutant
plasmatocytes recognize "self" as foreign and phagocytose the
tissues of the mutant larvae.
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The /(3)mbn* gene is located in polytene chromosome bands
65A1,2. Its molecular position within this region was established
via a 70 kb genomic walk (Fig. 3A), Southern and Northern
analysis, a P-element insertional mutation (Fig. 3B) and the suc-
cessful germ line rescue of the mutant phenotype (Konrad et al.,
1994) confirm the identity of the gene.

A 2.6 kb transcript is detected in the embryo and all three lar-
val stages, while in the pupa and the adult two transcripts of
1.35 kb and 1.8 kb are found. We consider the protein encoded
by the 2.6 kb transcript endowed with tumor suppressor func-
tion. The cDNA sequence, corresponding to this transcript,
reconstructed from the sequences of three overlapping cDNAs
(Fig. 3C), was compared with the genomic sequence. This
analysis yielded a gene with 9 exons spanning approximately
5.5 kb of genomic DNA (Fig. 3D,E; Konrad et al., 1994). The
coding sequence is characterized by three classes of repeats,
located in exons 6, 7 and 9 (not shown). The predicted MBN83
amino acid sequence consists of 796 amino acids. Two putative
transmembrane domains are present in the N-terminal region.
The proline-rich central domain contains two repeat classes
which show no homology to known repeats. In the C-terminal
domain 7 Gly-Ser-rich repeats are prominent, exhibiting approx-
imately 40% amino acid identity to the Gly-Ser-rich repeats,
found in the tail domain of human cytokeratins K1 and K10 and
mouse loricrin. However, the putative MBNE? protein cannot be
a cytokeratin, since it lacks the head and rode domain charac-
teristic of cytokeratins.

The I(3)mbn-1* is expressed in the hematopoietic organs (Fig.
3E) and blood cells, but also in larval organs, such as the midgut,
salivary glands and fat body (not shown). By the aid of a poly-
clonal antibody the MBN®2 protein can be detected in the cyto-
plasm of blood cells (Fig. 3F,G). Antibody staining of wild-type

Fig. 1. Molecular identification of the /(2)tid* gene. (A) Structure of
the nested I(2)tid* gene in relation to the l{2lnot* gene and the 7.0 kb
genomic Hindlll-fragment which rescues the I(2)tid mutant phenotype.
B, BamH|; Bg, Bglll; E, EcoRI; H, Hindlll; MI, Miul; Ms, Mstl; F, Pstl; S,
Sall; Sm, Smal; X, Xhol; Xml, Xmal; Xmlll, Xmalll. (B) Wild-type, devel-
opmental Northern probed with cDNAs 10D and 10F (C) Northern blot
of larval (L3) and pupal (P) poly{A+)mRNA from wild-type and mutant
alleles 1,2 and 4, probed with cDNAT0D (lanes 1 to 5) and cDNA1QF
lanes 6,7, designated with asterisks). Note the absence of the consti-
tutively expressed 2.0 kb transcript in alleles 1 and 2 (arrows) and its
presence In wild-type larvae and pupae and in non-tumorous pharate
adults derived from allele I(2)tid4 (lanes 1 to 3). The 2.2 kb transcript,
detected by cDNA10OF, is present in the tumor-bearing larvae of I(2)tid
alleles 1 and 2 (lanes 6,7). A, adult; E1, embryo 0-10 h old; E2, embryo
10-20 h old; L1,2,3, larva 1,2.3. (D) Comparison of the homologous
(black and striped bars) and non-homologous (open bars) regions of five
prokaryotic (Bardwell et al., 1986; Ohki et al., 1986, Lathigra et al., 1988;
Rothblatt et al, 1989; Wetzstein et al., 1990; Gomez et al, 1990;
Krishnan and Pueppke) and six eukaryotic DnaJ proteins (Blumberg and
Silver, 1831 Caplan and Douglas, 1991, Luke et al., 1991, Raabe and
Manley, 1991, Sadler et al., 1989; Atencio and Yaffe, 1992, Cheetham et
al., 1992) in relation to the Tid56 protein. The black bars represent the
DnaJ-domain exhibiting the highest amino acid identity scores. Striped
bers illustrate regions of lower homology, not present in all proteins,
while white bars indicate non-homologous regions. The amino acid iden-
tities within these regions are indicated in percentages. The numbers
above the bars represent the amino acids within the sequence delimit-
ing the individual domains.
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embryos detects the protein in stage 1 and 2 embryos at the
anterior and posterior poles and along a narrow ventral stripe
(Fig. 3H). In subsequent preblastoderm and blastoderm stages
the protein is found evenly distributed over the entire embryo
including the pole cells (Fig. 3l). During gastrulation and germ
band elongation the protein continues to be distributed ubiqui-
tously (not shown). At stages 13 and 14 blood cells, expressing
MBN®3 proteins, can clearly be seen in different regions of the
embryo (Fig. 3J).
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Fig. 2. I{3)mbt*: gene structure and in situ expression. (A,B) Extent
of cDNAs in relation to the 13 kb genomic Sall-Hindlll fragment. (C)
Exon-intron structure corresponding to the 5.25 kb transcript. The num-
bers indicate the length in bp of the single exons and introns. The shad-
ed box represents 264 bp of the 5' untransiated region verified by PCR
and the black box 161 bp up to the putative transcription start as identi-
fied via primer extension. (D-G) Whale-mounts of stages 1, 5, Gand 17
wild-type embryos hybridized with digoxigenin-labeled cONAT4 antr-
sense ANA. (HI) Whole-mounts of wild-type and mutant brain-ventral
ganglion (b, vgl complexes. Note the hybridization signal in the pre-
sumptive adult optic centers (arrows) of the wild-type brain (b} and the
ubiquitous staining of the tumor-bearing mutant brain.

benign(2)gonial cell neoplasm [b(2)gcn] causes germ
line tumors in both sexes

The b(2)gent gene, located in polytene chromosome band
60A3, was cloned via a 70 kb genomic walk and two overlap-
ping deletions Df{2R)OVT and Df(2R)OV2 (Fig. 4A). The dele-
tion analysis demonstrated that b(2)gen* gene sequences are
located within the 10 kb of DNA determined by the telomeric
breakpoints of the above deficiencies (Fig. 4A). The cloning of
the b(2)gen* gene was confirmed by germ-line rescue experi-
ments, a P-element insertional mutation (Fig. 4A) and a rever-
tant.

We have sequenced the b{2)gen*t gene which spans approx-
imately 11 kb of genomic DNA. The 3'end of the gene could be
determined with the aid of 3 cDNAs which share sequences with
4.5 kb of the gene. For the S'upstream 6.5 kb of the gene no
cDNA could be isolated. Nevertheless, comparison of the
genomic sequence with that of the three cDNAs revealed that
they represent differential splice products.

b(2)gent is expressed throughout development and codes for
at least six transcripts (not shown), none of which is restricted to
the germ line. In the wild-type ovary earliest b(2)gcr expression
was detected in germarial region R2 (Fig. 4B). b(2)gen* expres-
sion is clearly reduced during oogenesis stages S1 and S2 and
becomes stronger in stages S3 to S5. Stages 6 to 8 lack
b(2)gen* expression. From stage 9 onward, maternal b(2)gen
mRNA is abundantly present in nurse cells, which at stage 12 is
transported into the egg cytoplasm (not shown). In mutant
ovaries no b(2)gcn mRNA was detected (Fig. 4C). The b(2)gen*
gene is expressed ubiquitously throughout embryonic life (Fig. 4
D-F) and in the larval fat body (not shown).

Comparison of the putative b(2)gent amino acid sequence,
deduced from the sequences of the 3 cDNAs with known pro-
teins revealed a high identity score of an Arg-Ser-rich domain to
similar domains in U1snRNP 70K protein (Mount et al., 1983),
U2snBNP (Lamond, 1993), splice factors SC35 (Fu and
Maniatis, 1992), ASF, U2AF (Zamore and Green, 1992) and
transformer (tra; Burtis and Baker, 1988). All these proteins have
been shown to be involved in pre-mRNA splice reactions.
Present in the putative b(2)gen protein is also another well
known sequence motif, the so-called PRD-repeat, which has
been found in paired (Frigerio et al., 1986), bicoid (Berleth et al.,
1988), daughterless (Caudy et al., 1988) and forked (Hoover et
al., 1993) gene products. The wide distribution of b(2)gen* tran-
scripts and the above similarities imply a broad spectrum of
b(2)gen functions in the germ line and other cells.

Discussion

All efforts to prove the causal involvement of dominant cellu-
lar oncogenes, such as abl (Henkemeyer et al, 1987), src
(Simon et al., 1985) or ras (Bishop and Corces, 1988) in the ini-
tiation of Drosophila malignant growth, have failed. Mutations in
these genes exert only minor, non-lethal effects in the mutant
animals. Cell cycle control genes, likewise, do not cause cancer
in Drosophila (Orr-Weaver, 1994). Cancer as a multistep
process, postulated for vertebrates (Hunter, 1991), also does not
apply to Drosophila tumorigenesis. The Drosophiia tumor sup-
pressor genes are distinct in that they induce, in the homozy-
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particular cell type in one step.

A e L CNCETE A Twelve of the 28 Drosophila tumor suppressor genes are
\ cloned, and the functional analysis of some of the gene products
N, p is well advanced. These studies revealed key functions of these
genes in protein synthesis, cell-cell communication and signaling
= (Bryant, 1993). Vertebrate homologs to some of the genes also
could be identified (Watson and Bryant, 1993). Recently Strand
et al. (1995) cloned the human /(2)gl ortholog hugl gene and
showed that, similarly to the Drosophila counterpart, the HUGL
protein is part of a cytoskeletal network associating with non-
muscle myosin Il heavy chain and a serine kinase, thus support-

ing the idea that both proteins function in an identical manner.

Each of the four tumor suppressor genes, described above,
transforms one of the following four cell-types and tissues: (i) the
imaginal discs, (ii) the adult optic neuroblasts in the larval brain,
(iii) the plasmatocytes, and (iv) the gonial cells of both sexes.
The four putative gene products suppress tumorigenesis by pro-
moting cell-specific differentiation. Based on amino acid homolo-
gies hypothetical functions can be predicted for three of the four
genes.

For instance, the putative Tid56 protein contains a typical
Dnad domain (Kurzik-Dumke et al., 1995), characterizing it as a
member of the DnaJ chaperonine family of proteins (Fig. 1D),
which have been shown to be involved in protein folding and
transport (Schrdéder et al, 1993; Stuart et al, 1994). The
prospect that tumor suppression may causally relate to cell-spe-
cific protein folding and transport represents an exciting new
aspect of tumor formation. We assume that the Tid53 protein
may be engaged in folding and/or transport of specific proteins
important for imaginal disc differentiation. Consequently the loss
of Tid56 function will prevent folding and/or transport of these
proteins, thus rendering them non-functional. This in turn arrests
the differentiation process at an early stage, when imaginal disc
cells are dividing vigorously.

Recessive mutations in the /(3)mbt" gene also prevent differ-
entiation, in this case, of adult optic ganglion mother-cells into
optic neurons (Gateff, 1982a; Gateff ef al., 1993). Based on the
presence of a single and novel zinc finger motif, three repeats
homologous to repeats in the Drosophila PcG gene sex combs
on mid leg (sem) and a SAM (Sterile o Motif) box present in the
scm gene as well as in Drosophila Polyhomeotic and mouse
Rae28 proteins (Ponting, 1995), we assume that the MBT163
protein, belonging to the PcG gene family of negative regulators,
is involved in silencing of specific groups of genes during early

gously mutated state, malignant neoplastic transformation of a
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Fig. 3. I{3)mbn-1+; Gene structure and in situ expression. (A,B,C) A-
clone 6714 and the corresponding {(3)mbn1* genomic region as defined
by three cDNAs. The P-lac\W insertion is shown in B. (D) Exon-intron
structure of the gene. (E) Whole-mount of wild-type hematopoietic
lobes (hl} located along the heart vessel (hvl exhibiting I(3)mbn-1+
expression in the hematopoietic lobes (hl). The pericardial cells (pc) do
not express 1(3)mbn-1- mRNA. (FG) Wild-type and mutant blood cells
showing cytoplasmic fluorescence after hybridization with the polyclon-
al antibody PKA 16 directed against a 16 amino acid peptide from the
central domain of the putative MBN®? protein. (H,1) Whole-mounts of
embryo stages 1 and 5, showing characteristic staining with the above
antibody. (J) Blood cells (be) in the head (h) and between the epidermis
and the germ band (bg, arrows) within a stage 14 embryo stained with
the antibody PK 16.
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embryogenesis (0-6 h; Fig. 2D-F), when the body plan becomes
established and the larval and presumptive adult nervous sys-
tem singled out. This assumption is further supported by the
nuclear localization of the protein (N. Habtemichael, unpublished
results).

The b(2)gcn* gene, expressed in both sexes (Gateff, 1982b),
exhibits a complex transcript pattern which is not exclusively

A centromere telomere

Df(2R)OV2

Df(2R)OV1

Fig. 4. Cytogenetic localization and in situ expression of the b(2)gen*
gene. (A) Cytogenetic localization of the b(2)gen* gene to polytene chro-
mosome bands 60A1 and positioning of b{2)gen* sequences in the 10 kb
region delimited by the telomeric breakpoints of D{(ZRIOV1, which com-
plements the b(2)gen* phenotype, and Df(2R)OV2, which does not com-
plement the phenotype and extents Df2ZR)OV1 with 10 kb in telomeric
direction. In situ hybridization of digoxigenin-labelled antisense tran-
scripts of cONAES to: (B) whole-mount preparations of wild-type ovaries.
Note the bi2)gen™ expression in germarial region (2 and in oogenesis
stages 53 to S6 and 89 (see also text). (C) Whole-mount preparations of
mutant ovaries lacking b(2)gen® transcripts. (D,E) Whole-mounts of S5
and S11 wild-type embryos showing ubiguitous b(2)gen* expression.

confined to the germ line (Kaiser, 1994; Protin, 1994). Due to
the transcript complexity and the difficulties in finding cDNAs for
all transcripts, the b(2)gen™ gene structure is not yet completely
established. The three cDNAs characterizing the 3' region, how-
ever, revealed an Arg-Ser-rich region which shows high identity
scores to corresponding domains of splicing factors (Fu and
Maniatis, 1992). The perspectives that the b(2)gen* gonial cell
tumor gene may be involved in splicing, places it in the group of
Drosophila sex determination genes such as Sx/ (Schipbach,
1985), which autoregulates female-specific splicing of its own
pre-mRNA, and which in some alleles develops ovarian tumors.
Since, in contrast to Sxi, b(2)gcrt is not expressed exclusively
in the germ line, we envision its involvement in splice process-
es characteristic for the different cell-types. If b(2)gcen™ is a part
of the splicing machinery, understanding the particular splice
event suppressing tumor formation in the male and female germ
cells, and allowing germ cell differentiation, is indeed of prime
interest.

The least informative sequence is that of the putative blood
tumor suppressor gene product MBN83, which shows no con-
vincing overall homology to any known protein. The 7 C-terminal
Gly-Ser-rich repeats, confining to the consensus sequence of
the Gly-Ser-rich repeats, found in the tail domains of human
cytokeratins K1 and K10, represent the only reasonable homol-
ogy (Konrad et al, 1994). Similar Gly-Ser-rich quasi repeats
have been found in a variety of proteins and have been sug-
gested to form loops which hypothetically may interact either
with each other or with Gly-Ser-rich loops of other proteins
(Steinert ef al., 1991). In the wild-type larvae the MBN®2 protein
is found in the cytoplasm of blood cells, the fat body and the
midgut. The fat body and the midgut express the protein also on
their plasma membrane. Homozygous mutant larvae, in con-
trast, express MNB?®? protein only in the cytoplasm of blood cells,
while fat body and midgut show neither cytoplasmic nor plasma
membrane expression. These facts prompt the hypothesis that
mutant plasmatocyte proliferation may be due to an autoimmune
reaction. The MNB?3 protein on the plasma membrane of wild-
type fat body and midgut may serve as a "self" recognition mol-
ecule. The lack of MNB®® protein on the plasma membrane of
the corresponding mutant tissues, on the other hand, may signal
plasmatocytes to proliferate excessively and to phagocytose
these tissues. Studies are presently underway to confirm or
reject this hypothesis.

Furthermore wild-type and mutant embryonic blood cells also
express MNB®® (Fig. 3J). The mutant embryonic blood cells,
however, are not tumorous. This fact strongly suggests that the
embryonic and larval blood cell populations belong to different
lineages and are thus endowed with different functions.
Embryonic blood cells are involved in the deposition of the basal
membranes (Tepass et al., 1994), while larval blood cells play a
role in defence and metamorphosis.

Conclusion

The four putative tumor suppressor gene products represent
novel proteins, whose predicted functions involving protein fold-
ing and/or transport, gene regulation and cell-specific splicing
have to be verified in the future. The genes are expressed not
only in the target cells, but also in other cells and tissues which



do not become malignant. This indicates strongly that each of
the four genes may function in the tumorous and the unaffected
cells in different pathways. The genes seem to be involved in the
establishment and maintenance of the differentiated state. The
interactions between these genes and the cell cycle genes have
yet to be investigated. Contrary to mammalian tumors, 50% of
which have a mutated Rb and p53 gene (Hollstein et al., 1991),
each Drosophila tumor is causally related to only one recessive
gene mutation when present in the homozygous state.

In view of the fact that the genetic principles establishing the
body plan are universal, we would like to stress that the
Drosophila tumor suppressor genes are an excellent tool to
study the primary events leading to neoplastic growth, which
may turn out to be also of importance for the understanding of
vertebrate cancer initiation. We are convinced that, similarly to
Drosophila, also in vertebrates a single mutation in a specific
developmental gene is the primary cause for the malignant neo-
plastic transformation of a particular cell type.
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