
IPERSPECTIVES 

Genetic Clues to Alzheimer's Disease in this system, a key intercellular interac- 
tion in neuronal develo~ment is mediated bv 
a type I integral protein on one cell binding 

Nazneen N. Dewji and S. J. Singer to a seven-transmembrane-spanning inte- 
gral protein on a neighboring cell. 

AS a consequence of the intercellular 
binding of the SEV and BOSS proteins in 
vivo, the two molecules in their entirety are 

Patients with Alzheimer's disease (AD) ex- those processes, although other as yet un- incorporated into intracellular vesicles within 
hibit progressive dementia and the gradual known components may participate. the pre-R7, but not the R8, cell (6). These 
formation of extracellular neuritic plaques PAPP-like proteins are found through- vesicles then fuse with multivesicular bod- 
in the brain, particularly in the hippocampus out the body, but the normal physiological ies (or secondary lysosomes), organelles of 
and adjoining cortex. An important con- functions of PAPP have not been defini- the pre-R7 cell that contain degradative en- 
stituent of the neuritic plaques is P-amyloid, tively established. Neither do we know zymes. Once inside the multivesicular bodies, 
or AP (1 ), a set of oligopeptides of about 40 what purpose S182 and -STM2 fullfil. Fur- the intact SEV and BOSS proteins are likely 
to 43 amino acids that are proteolytically thermore, it is unclear what mechanistic broken down into proteolytic fragments. 
derived from a much larger P-amyloid pre- connection may exist among PAPP, S182, Similar vesicular internalization of two inter- 
cursor protein (PAPP). This precursor, the and STM2, the mutations of which collec- cellularly interacting, cell surface proteins oc- 
product of a single gene, exists in several tively account for all known cases of early curs in other developmental systems as well 
altematively spliced forms that code for onset FAD. How is AP produced from (7,8) and may be a widespread phenomenon. 
type I integral proteins of the plasma mem- PAPP physiologically, and how might S182 In the intercellular signaling system re- 
brane, which span the membrane once (2). and STM2 participate in the process? sponsible for vulva1 development in C. 
AP consists of about 28 amino ,. ... . j  - I 

I 
elegans (9), one component, the 

acids of the large amino-ter- protein product of the lin-12 
minal extracellular domain of gene, is a type I, single-mem- 
PAPP plus the first 12 to 15 

I t i  a brane-spanning integral pro- 
amino acids of its adjoining tein. By genetic manipulation, 
membrane-spanning region. the gene sel-12 has been discov- 

Genetic (autosomal domi- ered, which when mutated cor- 
nant) forms of AD, called fa- rects the developmental defect 

disease Cause of Alzheimer's disease?. In this model, PAPP (crescents on stick) produced a h~~ermorphic  
(FAD), result in the relatively binds to S1821STM2 (red balls on stick), leading to a pinching off of a vesicle mutation in lin-12, suggesting 
early onset of the disease. that eventually fuses with a multivesicular body. Afl is then formed by degra- that the proteins lin-12 and sel- 
Three genes account for all the dation. (See text.) AC, auxiliary cell; N, neuron. Modified from figure 5A of (6). 12 interact with one another di- 
known cases of early onset rectly to produce development 
FAD. The first of these genes is that for Two developmental systems in which the changes in vivo. Sel-12 shows substantial 
PAPP itself, located on chromosome 21, in cell-cell interactions are well defined may amino acid sequence homology to S182 and 
which several point mutations within or provide some hints: one in the Drosophila eye STM2, the seven-transmembrane-spanning 
close to the AP region are associated with and the other in the vulva of Caenorhabditis integral proteins implicated in AD. These re- 
FAD in different families (2). These FAD- elegans. Both of these systems have features sults provide another likely case of the direct 
causing mutations indicate that AP is some- that are strikingly similar to some of those binding of a type I integral membrane protein 
how directly involved in the etiology of in AD, and parallels may be profitably drawn on one cell with a seven-membrane-spanning 
AD. Mutations in the gene for PAPP ac- from the eye and vulva to AD. protein on another cell. In addition, the strik- 
count for only a small fraction of cases of In the fully developed omrnatidium of the ing homology between sel-12 and S182 (and 
early onset FAD, however. The remaining Drosophila eye, R7 and R8 are neighboring STM2) suggests that S182 or STM2 may also 
cases of FAD are associated with muta- neuronal photoreceptor cells that exist in a be directly involved in a developmentally 
tions in two other genes: one on chromo- precisely arranged cell complex containing significant intercellular interaction. 
some 14 that encodes the protein S182, a six other photoreceptors a d  auxiliary cells By analogy to these developmental sys- 
seven-transmembrane-spanning integral (5). During development, R8 is the first and tems, we propose the following scenario. 
protein (3), and the other on chromosome R7 the last of the eight photoreceptor cells One or more forms of the PAPP and S182 
1, which encodes the protein STM2, an- to become differentiated. R7 arises from the (or altematively, the closely homologous 
other seven-transmembrane integral pro- interaction of a pre-R7 epithelial cell with STM2) proteins, like SEV and BOSS, may 
tein. STMZ is 67% homologous in amino the neighboring R8 cell. Genetic analyses normally be components of an intercellular 
acid sequence to S182 (4). indicate that two genes, sevenless (SEV) signaling system. In Drosophila, signaling re- 

A plausible inference from these find- and bride of sevenless (BOSS), are involved quires the tyrosine kinase activity of the cy- 
ings is that mutations in any of these three in this developmental interaction. The SEV toplasmic domain of the SEV protein (lo), 
genes can accelerate the processes of AP protein, on the surface of the pre-R7 cells, is but PAPP is not a tyrosine kinase; another as 
formation and accumulation that are a type I integral protein tyrosine kinase, and yet undescribed intrinsic or indirect activity 
thought to be normally responsible for AD. the BOSS protein, on the surface of the R8 of its cytoplasmic domain would have to pro- 
Further, it is likely that these three proteins cell, is a seven-transmembrane-spanning vide the downstream signal. The PAPP pro- 
are all primarily and directly involved in integral protein. The two proteins bind to tein on the surfaces of appropriate neurons 

one another by means of their respective and the S182 (or altematively the STM2) 
amino-terminal extracellular domains (5) proteins on the surfaces of neighboring aux- 
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to one another specifically through their 
amino-terminal extracellular domains pro- 
truding from the cell membranes. This 
binding would mediate cell-cell adhesion 
(1 2,  13) and transmit a signal into the neu- 
ron that ultimately causes certain normal 
responses. This normal signaling function, 
however, would not directly result in AP  
production. Instead, as a by-product of the 
intercellular interaction of PAPP and S182 
(or STMZ), perhaps by the process of mu- 
tual capping (13) of the two proteins into 
the membrane regions of cell-cell contact, 
vesicles would be pinched off the cell sur- 
faces and incorporated into the interior of 
the neuronal cell (see figure). These vesicles 
would then fuse with multivesicular bodies 
inside the neuronal cell. where the SAPP 
would then be proteolyzed by enzymes 'in the 
multivesicular bodies, AP  being a product 
of this proteolysis. The usual intracellular 
traffic between the lvsosomal comuartment 
and the plasma meibrane wouldLthen re- 
lease the AP  from the neuronal cell, result- 
ing ultimately in the formation of the extra- 
cellular neuritic plaques containing AP. 

Previous proposals about the mecha- 
nisms of formation of AP  in A D  have sug- 
gested that it is produced by normal PAPP 
trafficking and turnover within neurons 
(2). Indeed, cultured cells expressing PAPP 
secrete AP  in the conditioned media (14). 
However, a problem with these proposals is 
that PAPP turns over with a normal half- 
life of the order of one or a few hours (15), 
many orders of magnitude faster than neu- 
ritic plaque formation in AD. Furthermore, 
because PAPP is a ubiquitous cell surface 
protein of neurons, it is not clear how the 
selective deposition of the plaques in specific 
regions of the brain would occur. In addition, 
these proposals do not explain how S182 
and STMZ contribute to the onset of AD. 

In contrast, our proposal provides direct 
roles for S182 and STMZ in AD, and for 
SAPP as a cell-cell adhesion molecule (1 2). 
i t  can explain selective production of AP in 
the hippocampus and adjoining cortex if the 
specific interaction between PAPP and S182 
or STMZ required a particular form of re- 
gionally expressed PAPP [perhaps PAPP 695 
(1 6)], S182, or STM2. The production of 
AP  as a product of the cell-cell interaction 
system would be distinct from AP production 
bv the normal turnover of SAPP on  neurons 
aAd might therefore occir  at a much slower 
rate, consonant with the usual late onset of 
AD: Finally, our proposal suggests new av- 
enues of experimentation that may lead to a 
better understanding of the nature of AD. 

this Perspective. Your comments can be 
posted on our interactive forum on the 
World Wide Web at http://www.aaas.org 
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Selector Genes, Polymorphisms, 
and Evolution , 

Diethard Tautz & 
Selector eenes. master reeulators of other d " .  " 
genes, were originally proposed to define re- 
stricted areas in the developing fly called 
compartments (1 ). Although this idea of se- 
lector genes is now embedded in the con- 
cept of developmental hierarchies of genes, 
it still has a special utility when the evolution 
of developmental processes is considered, a 
point emphasized by new results on the selec- 
tor gene Ultrabithorax (Ubx) from Gibson 
and Hogness (2). 

Selector eenes activate "realizator eenes" 

Two routes to two pairs 
of wings. Drosophila wlth 
an incompletely Inflated 
second pair of wings \ % i ' "- ' 
(right) are seen with cer- \g 1 
taln Ubxmutatlons or after 
exposing flies with a particular polymorphism In 
the Ubx gene to ether Wild type, left 

c7 - 
(1 ), which eventually build the anatomical change would have to be achieved by mi- 
structures of the adult bodv. Ectouic exures- croevolutionarv stem. Of course. over laree , & - 
sion of a selector gene can completely re- evolutionarydistances, selector genes should 
program a compartment, sometimes leading somehow be subject to change as well, par- 
to a fully developed morphological structure ticularly with respect to  their regulatory 
in the wrong place on  the body (3). The interactions (4). However, a population 
most famous examples of this phenomenon geneticist would not normally expect to 
are the Drosophila homeotic mutants, with find a polymorphism with phenotypic con- 
legs instead of antennae or with four wings sequences in a selector gene. 
instead of two. Such mutants have sometimes Now, Gibson and Hogness show that 
been considered the ~erfect  raw material for such a ~olvmomhism can in fact be identi- 

L , .  

evolution, because single mutational events fied (2). They have analyzed a well-known 
could bring about large and sudden changes phenomenon-that phenocopies of bithorax 
and might create "hopeful monsters." (a  partial transformation of the third tho- 

A ~ouula t ion  eeneticist would instead racic segment) can be ~roduced  in Dro- 
& .  - - 

see these animals as "hopeless monsters." sophila by exposing embryos to ether vapor. 
Such a large morphological change is not Flies with a higher sensitivity to ether can 
likely to be adaptive. Although it might be generated by repeatedly inbreeding those 
confer new features, it would also disrupt flies that show the strongest effects in a 
other adaptations and would make the indi- given generation (5), proving that genetic 
vidual less viable within its population. Only variation exists for ether sensitivity. The re- 
very strong selective advantages (which are sults of this breeding experiment had al- 
unlikely to occur) could compensate for ready suggested that the variation in the 
this. Thus. uouulation eeneticists tend to be- sensitivitv to ether is likelv to occur in se- ,. . cz 

lieve that changes relevant for adaptation lector, not realizator, genes, because the 
and sueciation are found in the realizator ether-induced bithorax uhenocouies re- 
genes, not the selector genes, and that these semble known mutations in the selector 
changes generate only small steps, not large, gene Ubx. However, Gibson and Hogness 
dramatic ones. Any macroevolutionary have now shown that Ubx itself is polymor- 

uhic. Thev reueated the selection exueri- 
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