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Gene Encoding the P Subunit of SlOO Protein Is on 
Chromosome 21: Implications for Down Syndrome 

R. ALLORE, D. O)HANLON, R. PRICE, K. NEILSON, H. F. WILLARD, 
D. R. Cox, A. MAIW, R. J. DUNN 

SlOO protein is a calcium-binding protein found predominantly in the vertebrate 
nervous system. Genomic and complementary DNA probes were used in conjunction 
with a panel of rodent-human somatic cell hybrids to assign the gene for the P subunit 
of SlOO protein to the distal half of the long arm of human chromosome 21. This gene 
was identified as a candidate sequence which, when expressed in the trisomic state, may 
underlie the neurologic disturbances in Down syndrome. 

D OWN SYNDROME (DS) IS THE 
most common genetic cause of hu- 
man mental retardation, occurring 

with the frequency of about 1 per 800 live 
births (1). Individuals with this disorder 
have abnormalities in a number of different 
organ systems including the nervous system. 
Neuropathological changes consisting of 
neurofibrillary tangles, senile plaques, and 
neuronal loss are found in the brains of most 
DS individuils dying after the age of 35 
years. These changes, which are qualitatively 
and quantitatively indistinguishable from 
those seen in Alzheimer's disease (AD), are 
often associated with the clinical features of 
presenile dementia (2). Cytogenetic studies 
have shown that a chromosome abnormali- 
ty, trisomy of chromosome 21, is the pri- 
mary cause of DS. This finding suggests that 
the neurologic abnormalities in DS are due 
to imbalance of one or more genes on 
chromosome 21. In order to understand the 
biochemical basis of the neurologic defects 
in DS it is necessary to identify these genes. 

Two genes that may play a role in the 
neurologic abnormalities that characterize 

DS have recently been assigned to human 
chromosome 21 (3, 4). The first of these is 
the locus coding for amyloid P protein 
(APP), an important component of both 
cerebral vascular amyloid and amyloid 
plaques of AD and DS. The second gene, 
mutations of which result in early onset 
familial AD (which is autosomal-dominant), 
has been shown to be tightly llnked to the 
chromosome 21 DNA marker, D21S16. 
Although both D21S16 and APP have been 
physically assigned to the proximal portion 
of the long arm of chromosome 21, cross- 
overs between APP and the familial AD 
gene indicate that these are two separate loci 
(5, 6). We now report that a third gene, 
expressed primarily in the nervous system 
and encoding the P subunit of the SlOO 
protein, maps to the distal half of the long 
arm of human chromosome 21 and is a 
candidate for the primary defect underlying 
the neurologic disturbances found in DS. 

SlOO protein is a calcium-binding protein 
widely distributed in the nervous system of 
vertebrates (7). It is structurally similar in 
the calcium-binding domains to calrnodulin, 
an important transducer of calcium-mediat- 

R. More, K. Neilson, H. F. Willard, R. J. Dunn, 
ed signals (8). SlOO protein is composed of 
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D. O'Hanlon and A. Marks, Banting and Best Depart- 
ment of Medical Research, University of Toronto, 112 S1OO protein are found in the brain. In 
College Street, Toronto, Ontario, Canada M5G 1L6. particular, the P subunit of SlOO protein is 
R. Price and D. R. Cox, Department of Pediatrics, 
Biochemisuy and Biophysics, M650, University of Cali- expressed in glial at levels at least 
fornia, San Francisco, CA 94143. tenfold higher than in most other cell types. 

The brain also contains small amounts of the 
a subunit at levels approximately one-tenth 
that of the p subunit (10). SlOO protein 
accumulates during the maturation of the 
mammalian brain (11) and participates in 
several calcium-dependent interactions with 
neuroleptic drugs and brain proteins (12). 
Thus disturbances of SlOO protein gene 
expression may play a fundamental role in 
the generation of neurologic defects associ- 
ated with DS. 

The human genomic and complementary 
DNA (cDNA) probes used to identify the 
chromosomal location of the SlOO protein P 
subunit gene are shown in Fig. 1. The 742- 

Fig. 1. Schematic representation of the genomic 
clone (pHSlOO.A), the genomic probe subclone 
(pHS22.4), and the cDNA clone probe (pKN3) 
used for Southern blot analysis. Protein coding 
region sequences are indicated by dark boxes. The 
heavy line indicates intron sequence in the geno- 
mic clone and the open box indicates the 5' 
untranslated region sequence within the cDNA 
clone. Lines joining regions of cDNA and geno- 
mic clones bracket areas of identical sequence. 
The location of the ATG initiation codon is 
indicated. The DNA fragment used as a genomic 
hybridization probe (pHS22.4) is indicated above 
the genomic clone (pHS100.A) diagram. The 
cDNA clone was isolated by means of a previously 
characterized cDNA clone of the rat SlOO protein 
p subunit (17), which was used as a hybridization 
probe. The Eco FU fragments from positive 
cDNA clones were subcloned into the Bluescript 
plasmid (Stratagene Cloning Systems, San Diego, 
CA). The genomic clone AHS1OO.l was isolated 
by screening 3.6 x 10' recombinants from a A 
Charon 4A human genomic library using the rat 
SlOO protein cDNA probe (18). The 5.0-kb 
pHS100.A subclone of AHS1OO.l contains the 
entire protein coding region from the SlOO pro- 
tein p subunit gene. The 0.746-kb genomic clone 
(pHS22.4) represents a 5'-coding region sub- 
clone from pHS1OO.A. Restriction enzyme sites: 
E, Eco FU; H, Hind 111, and S, Sst I. 
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bp gcnomic probe (pHS22.4) contains 138 
nudeotides of exon sequence that code for 
the first 46 amino acids of the SlOO protein 
$ subunit. This exon is llanked by 262 and 
352 nudeotides of 5' and 3' intron se- 
quences respectively. The cDNA probe, 
pKN3, contains the coding region for the 
first 72 amino acids of the SlOO protein f3 
subunit flanked by 16 nudeotides of 5' 
untranslated region. 

Southern blot analysis with the pHS22.4 
genomic probe of a Hind 111 digest of total 
human genomic DNA revealed the presence 
of a single 8.8-kb band (Fig. 2 4  lanc 1) 
suggesting the existence of only a single 
SlOO f3 subunit gcne in the human genome. 
No hybridizing bands were detected in 
mouse genomic DNA under the stringency 
conditions used (Fig. 2A, lane 2), although 
a 7-kb band was detected under lower strin- 
gency conditions (13). 

To identify the chromosomal location of 
the human SlOO protein gene, a Eotal of 22 
human-mouse hybrids was examined by 
Southern blot analysis (14). Hybridization 
patterns fbr Hind III-digestcd hybrid cell 
DNA with the genomic probe pHS22.4 arc 
shown in Fig. 2A. As was the case for 
human DNA (lanc l), a single 8.8-kb band 
was observed for a human-mouse hybrid cell 
line which contained chromosome 21 as the 
sole human chromosome (lanc 3). DNA 
from hybrid cell lines which contained mul- 
tiple human chromosomes, but not chromo- 
some 21, gave no hybridization signal (fbr 
example, lane 4). A summary of the results 
fbr the 22 human-mouse hybrid cell lines is 

shown in Table 1. The 8.8-kb Hind 111 band 
co-segregated with chromosome 21 in all 
hybrids tad. When the cDNA probe 
(pKN3) was used for hybridization, two 
Hind 111 6-agments were detected, the 8.8- 
kb and an additional 1.6-kb hgment. Thc 
latter W e n t  contains the second exon of 
the gcne (Fig. 1). Segregation analysis with 
the cDNA probe was identical to that ob- 
tained with the genomic probe (13). These 
data indicate a 100% concordant segrega- 
tion h e e n  DNA sequences hybridizing 
with the SlOO protein $ subunit probes and 
chromosome 21, thus allowing assignment 
of the gene fbr the protein to this chromo- 
some. 

In order to localize the SlOO protein p 
subunit gene to a specific region on chromo- 
some 21, we compared Southern blot analy- 
sis of hybrids containing intact copies of 
chromosome 21 with those in which part of 
chromosome 21 had been removed by trans- 
location (Fig. 2B). The human-mouse hy- 
brid line AHVI-1, which contains an intact 
copy of human chromosome 21, showed, 
the presence of the 8.8-kb Hind 111 fi-ag- 
ment hybridizing with the genomic probe 
pHS22.4 (lane 1). However, DNA from the 
hybrid AHVI-17, which contains all of hu- 
man chromosome 21 with the exception of 
band 21q22, gave no hybridization signal 
(lanc 2). Reprobing the DNA samples ana- 
l y d  in lanes l and 2 with the chromosome 
21 marker probe E9 (fix locus D21S16 in 
21qll-21), indicated that both lanes con- 
tained equal amounts of DNA (13). 

The data presented in this report dcmon- 

strate that the human SlOO protein $ sub- 
unit gene is located in band 21q22 of hu- 
man chromosome 21. As triplication of this 
rcgion of chromosome 21 is s&aent to 
result in the fiaal teanurs, mental retarda- 
tion, and cardiac anomalies that are charac- 
teristic of DS, band 21q22 has been referred 
to as the "DS region" of chromosome 21. 
However, the brains of individuals trkomic 
for only band 21q22 have not been exam- 
ined to determine whether or not thev con- 
tain the neuropathological changes &d in 
the brains of older DS individuals trisomic 
for all of chromosome 21. Furthermore, 
&my fbr only the proximal region of the 
long arm of chromosome 21 also causts 
mental retardation (15). These facts suggest 
that multiple loci on chromosome 21 may 
contribute to the neurologic defects associ- 
a d  with DS. Regional assignment of the 
SlOO protein genc to band 21q22 exdudes 
this gene as a candidate for the autosomal 
dominant AD gene assigned to band 21q21 
(4, 6) but identifies it as a new candidate 
locus for neurologic defccts in DS. 

One of the rationales behind &rts to 

Tabk 1. Correlation between the presence of 
speafic human chromosomes and the human 
SlOO protein p subunit genc in 22 human x 
mouse hybrids. The chromosome complement of 
each of the hybrids has been characterized previ- 
ously (14). The numbers indicate the number of 
hybrid cell lines in which the particular human 
chromosome and the hybridmng band were both 
present (+I+) or both absent (-I-) (concor- 
dant) and the number of hybrid cell lines in which 
the hybridizing band was present but the human 
chromosome was not (+I-) or where the hybrid- 
izing band was absent while the human chromo- 
some was present (-I+) (discordant). 

Fig. 2. (A) Representative samplesfrom Southem A 1 2 3 4 B 1 2 
blot analysis of human DNA (lane l), mouse 
DNA (lane 2), and human-mouse hybrid cell kb - 
DNA (lanes 3 and 4). Human-mouse hybrids 23 - 
used for the chromosome 21 subregion localiza- 9.4-.) - 23 
tion of the SlOO protein p ~ b d t  @ne 6.6 - .II - 9.4 
were isolated after fusing mouse A9 cdls with 4.3- human fibroblasts that were heterozygous for a - 6.6 

balanced d p d  translocation involving chro- - 4.3 
mosome 1 and chromosome 21 [46 XY, 2.0- 
t(1: 21)(p31;q22)] (19). (B) Hybrids that con- 
tained intact copies of human chromosome 21 'm3- 

(AHVI-1) (lane 1) or copies of chromosome 21 
that contained the proximal two-thirds of chro- - 2.0 
mosome 21 but were missing the 21q22 region 
(AHVI-17) (lane 2) were analyzed. Samples (10 m56- pg) of genomic DNA were digested with Hind -1.3 
llI, fractionated on 0.9% agvose gels, and trans- 
fcrrcd to niwcdlulase membranes. All samples 
were hybridized with the genomic done probe 
(pHS22.4). Hybridizations were carried out at 
45°C overnight in 50% formamide, 5 x SSC, 5 X - .56 
Denhads solution, 0.1% SDS, 50 mM NaHPO., 
salmon sperm DNA (200 pg/ml), and yeast 
tRNA (1 mgtml). DNA fragment probes were 
purified from agarose gels and labeled with [32P]dClT to a sp&c activity of 5 x 10' countlmin 
microgram of DNA, by means of the random primed DNA polymerase labeling method (20). La& 
probe was added to give a final concentration of approximately 3 x 106 couatlmin per milliliter. Mer 
hybridization, filters were washed three times in 2x  SSC, 0.1% SDS at room temperature followed by 
three washes in 0.1% SDS, 0.1 X SSC at 55°C. 

- - 

Con- Dis- 
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completely map the human genome is that 
the map location of individual genes can 
often provide clues to the involvement of a 
gene in a particular genetic disorder. Indeed, 
as an illustration of this approach, the P 
subunit of SlOO protein is one of the first 
genes assigned to chromosome 21 for which 
a large body of experimental evidence sug- 
gests a functional role in the central nervous 
system (11, 12, 16). Therefore, our results 
suggest that future studies on the role of 
SlOO protein in the pathogenesis of the 
neurological features of DS are warranted. 
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ACI'H Regulation and IL -1 
Recently, three reports (1, 2)  were pub- 

lished describing the release of adrenocorti- 
cotropin (ACTH) in response to interleu- 
kin-1 (IL-1) administration. A Perspective 
(3) describing, for the most part, conflicting 
results of the three reports was included in 
the same issue. We would like to point out 
that Uehara et al. (4) recently found that one 
preparation of IL-la and two preparations 
of IL-1P were without effect on the release 
of five hormones, including ACT H, from 
cultured anterior pituitary cells, irrespective 
of whether pituitaries from male or female 
rats were used. Furthermore, IL- 1 P appears 
to be a potent stimulator for ACTH release 
in vivo, but IL-la has very little such effect 
(5). Finally, in a recently published study, 
ACTH-releasing activity was blocked by 
immunoneutralization of endogenous corti- 
cotropin-releasing factor (6). In addition, 
we tested (4) the Cistron preparation of IL- 
1 p [effective in (1 )I, which did not stimulate 
ACTH release in vitro. 
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