
Characterization of the Supernumerary Chromosome was codrmed by quantitative analysis of 

in Cat Eye Syndrome DNA hybridization in Southern blots that 
showed the presence of D22S9 in three 

Most individuals with cat eye syndrome (CES) have a supernumerary bisatellited 
chromosome which, on the basis of cytogenetic evidence, has been reported to 
originate from either chromosome 13 or 22. To resolve this question, a single-copy 
DNA probe, D22S9, was isolated and localized to 2 2 q l l  by in situ hybridization to 
metaphase chromosomes. The number of copies of this sequence was determined in 
CES patients by means of Southern blots and densitometry analysis of autoradio- 
graphs. In patients with the supernumerary chromosome, four copies were found, 
whereas in one patient with a duplication ofhart of chromosome 22,-there were three 
copies. Therefore, the syndrome results fiom the presence of either three or four copies 
of DNA sequences from 22ql l ;  there is no evidence that sequences fiom other 
chromosomes are involved. This work demonstrates how DNA seauence dosage 
analysis can be used to study genetic disorders that are not read4 amenable ;b 
standard cytogenetic analysis. 

I N CAT EYE SYNDROME (CES), A SMALL 

supernumerary chromosome is associat- 
ed with various malformations, includ- 

ing ocular colobomata, anal and cardiac 
defects, and mental retardation (1-3). Each 
associated feature is relatively common and 
none is necessarily present in every instance 
of CES. Although the extra chromosome is 
too small to identlfy with chromosomal band- 
ing, cytogenetic evidence and subject pheno- 
type suggest that it may be derived from chro- 

mosome 13, chromosome 22, or both (1, 2). 
We have analyzed the number of copies of 

a DNA sequence located on chromosome 
22 to resolve the question. A recombinant 
DNA library was constructed in the A phage 
vector L47.1 with DNA isolated from a 
chromosome fraction enriched for chromo- 
some 22 (4). A 1.8-kilobase (kb) Eco RI- 
Hind I11 fragment (D22S9) was subcloned 
into pUC8 and localized by in situ hybrid- 
ization to 22q l l  (Fig. la). This localization 

Table 1. Determination of copy number of the D22S9 sequence in partial 
trisomy 22 cells ( M 1  and M 2 )  and in eight subjects. A basic data set 
consisted of two lanes of an autoradiogram (Fig. 2), one lane containing 
normal DNA and the other containing either partial trisomy-22 DNA or 
subject DNA. The ratio between the signal from D22S9 and that from e9- 
1211 was determined for each lane. These standardized measures of D22S9 
hybridization were used to form a second ratio, which was that of the subject 
or partial trisomy 22 to the normal. This second ratio allowed pooling of 
information from multiple Southern blots. A ratio of 1.5 is expected for 
three copies of D22S9 and a ratio of 2.0 for four copies. Sample size (n) 
refers to the number of replicate lane sets used to calculate each final ratio. 
PTl and PT2 represent the data from two partial trisomy 22 cell lines, 
which, because they were homogeneous, were pooled. The data points for 
each subject were compared with the 41 data points for the partial trisomy 
cell line by a two-tailed Wilcoxon rank-sum test (14). The null hypothesis in 
each case was that the data points of each subject and those of the partial 
trisomy were taken from the same underlying distribution. Levels of 
significance are given here for individual tests and in the text for the overall 
comparison. 

Normalized 
signal ratios from Individual test 

Source of 
DNA n D22S9 and e9- level of 

1211 (X + SEM) significance 

PT1 and M 2  
S2 
S5 
O.L. 
K.C. 
I.G. 
M.S. 
L.W. 
J.B. 

copies in DNA from cells trisomic for 
22pter+ 22q l l  (PT2) (5) ,  but in two 
copies in normal individuals (N) (Fig. 2, a 
and b). D22S9 hybridized to both chromo- 
some 22 and the supernumerary bisatellited 
chromosome in metaphase spreads from an 
individual with CES (Fig. lb,  subject P.O.). 
Of the 306 silver grains scored from 150 
cells examined, 8.5 percent were located 
over the two chromosome 22 homologues 
and 6.9 percent were located over the single 
bisatellited marker, indicating the presence 
of one or two copies of D22S9 on the 
marker. 

The DNA probe D22S9 was hybridized 
to DNA's from random, normal Canadians 
(N), cell lines partially trisomic for chromo- 
some 22 (S), and eight other human subjects 
(6). The copy number of D22S9 was deter- 
mined by analyzing the ratios of the hybrid- 
ization signal from D22S9 to the chromo- 
some 11 probe e9-1211 (7). Two sets of 
experiments with three and five replicates 
per blot were performed and the results 
pooled. Six CES patients with a bisatellited 
marker (S2, S5, O.L., K.C., I.G., andM.S.) 
gave similar results (Fig. 2a and Table 1). 
When the chromosome 11 standard bands 
were of equal intensity, the D22S9 band 
increased in intensity such that CES > par- 
tially trisomic > normal. Densitometric 

Table 2. Ratios of the signal intensity of the Taq I alleles identified by D22S9 
for partial trisomy 22 cells ( M 1  and M 2 )  and four subjects. The ratio of the 
multicopy allele to the single allele was determined for each lane of the 
autoradiogram of the partial trisomies and the four subjects and normalized 
with the associated control ratio. The expected normalized allele ratio is 2 for 
three copies and 3 for an individual with four copies. Probabilities were 
determined as in Table 1, except that a one-tailed procedure was used. 

Source 
of DNA 

Normalized Individual test 
n dele ratio level of 

(X t SEM) significance 

PT1 and M 2  24 2.34 + 0.08 
K.C. 10 3.19 + 0.28 0.007 
I.G. 10 3.37 + 0.25 <0.001 
M.S. + 10 3.25 r 0.29 <0.001 
J.B. 5 1.14 r 0.17 <0.001 
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scans of the signals confirmed this, with the 
partially uisomic DNA approximately 1.5 
times as intense as normal and CES DNA 
giving signals twice as intense as normal 
(Table 1). The Wilcoxon test was used to 
examine the null hypothesis that the signal 
ratios for each of the eight subjects were a 
random sample of partially nisomic vdues. 
The eight tests were not independent in that 
they made use of the same 41 partially 
trisomic values and, therefore, the overall 
level of si@cance was conservatively esti- 
mated by use of Bonfemni's inequality (8). 
This established the individual test probabil- 
ity at 0.00625 (0.0518). Five of six CES 
patients with the supemumerary chromo- 
some showed significantly more hybridiza- 
tion than the partial-trisomy DNA, indicat- 
ing they had at least four copies of the 
region of chromosome 22 where D22S9 is 
located (22qll). 

Two subjects (L.W. and J.B.) showed no 
increased hybridization of D22S9 over the 
partial trisomic DNA's (Fig. 2, b and c). 
Subject L.W., who has a CES phenotype 
and an interstitial duplication of chromo- 
some 22, but no supemumerary chromo- 
some, had three copies of the D22S9 region, 
which was not sigm6cant.y different from 
the signal ratio in partially msomic DNA's. 
Also, the normalized signal ratio of J.B., 
who has a bisatellited marker but who is 
phenotypically normal, was si@cantly less 
than that of the partial aisomics, suggesting 
the presence of two copies (Table 1). Fur- 
ther cytogenetic investigation of the chre 
mosome of J.B. by staining with distamycin 
AIDAPI has revealed that the extra chromo- 
some is a dicenmc 15pter+qll::qll+ 
15pter (9). 

A resmction fiagment length poIymor- 
phism identified by D22S9, with Taq I 
alleles of 5.8 kb (A-1) and 3.2 kb (A-2), 
allowed the use of the allele present in one 
copy as the standard in heterozygotes and 
eliminated the need to use a nonsyntenic 
probe. Both partially msomic cell lines were 
heterozygous, each showing one allele with 
increased hybridization. Four subjects 
(K.C., I.G.,M.S., and J.B.) were also het- 
etmygotes. A series of blots comparing rep- 
licates each of normal, partially msomic, and 
subject DNA (Table 2) showed that three. 
subjects (K.C., I.G., and M.S.) had allele 
ratios significantly greater than those of the 
partial trisornics, but were not significantly 
different from one another, as evaluated by 
the overall level of si@cance of 0.0125 
(0.0514). The conclusion that the CES pa- 
tient DNA's contain at least as many or 
more copies of D22S9 as partially msomic 
DNA was used to justify the one-tailed 
Wilcoxon test (Table 2). The allele ratios 
confirm the presence of four copies of 

D22S9 in these CES subjects with the su- allele ratio of J.B. approached 1, contirming 
pemurnerary chromosome, including MS., the presence of two copies of D22S9. 
who showed a significantly elevated ratio in We conclude that CES is usually the 
the previous test (Table 1) and which could result of an extra chromosome consisting 
have been interpreted as five copies. The of a duplication of the DNA between 

a 

I 2 3 4 5 

22 mar 

Fig. 1. In situ hybridization localization (12) of D22S9 to 22qll with a normal subject (a) and to 
22qll and the bisatellited marker chromosome (mar) in a subject (P.O.) with CES (b). Of 100 silver 
grains scored in (a), 12 were located on band 22qll. There were no more than three grains over any 
other band. A total of 26 (8.5 percent) and 21 (6.9 percent) of 306 silver grains scored in (b) were 
observed on the normal 22's and the marker (mar) chromosome, respectively. 
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eg-1211 

~22134 

Fig. 2. Hybridization of D22S9 (labeled ~22134) a 
and the chromosome 11 probe e9- 1211 to DNA 
from eight subjects. DNA was obtained from 
either blood [S2, S5, L.W., M.S., I.G., J.B., and 
normal controls (N)] or fibroblast cultures (O.L., 
K.C., and lT2), digested with Eco RI and Hind 
III and t r a n s f d  from 1 percent a g m  gels to 
Genescreen Plus. DNA from subjects to be com- 
p a d  was loaded in replicates of three to five for 
statistical analysis. To improve transfer, the DNA 
was nicked by exposing the gels to ultraviolet 
light for 5 minutes before being denatured. The 
blots were hybridized in a large volume (40 ml) in 
freezer bags kept Rat with glass plates. Mechanical " 
agitation during the 16- to &hour hybridiza- 
tion, as well as occasional manual mixing, ensured 
continuously Blots were washed even distribution first in two of changes the probes. .of ~2 1 eg-1211 1 
standard saline citrate (SSC) at 25°C (5 minutes 
each) and then in three changes of X2 SSC-0.2 eo-1211 

percent sodium dodecyl sulfate at 65OC (30 min- - - - ~22/34 
utcs each). A Beckman DU-8 spccaophotometer ~22134 

was used to scan the absorbance at 540 nm of 
each lane of the autoradiograms (13). The area 
under each peak was determined with a Ze'i = L 3  
MOP-3 dqptal image analyzer, cach value being .$ 

the average of three separate tracings. The signal ratios (D22S9:e9-1211) were divided by the associated 
normal control signal ratio from the same blot for nomalization purposes. Ratios of subjects were 
compared with the Wilcoxon rank-sum test (14). (a) Subjects S2, S5, O.L., K.C., I.G., and M.S.; (b) 
subject L.W.; (c) subject J.B. Designations AH and AE represent ADNA digested with Hind 111 and 
Eco RI, respectively. 
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A Neuronal Antigen in the Brains of 
Alzheimer Patients 

A monoclonal antibody was prepared against pooled homogenates of brain tissue from 
patients with Alzheimer's disease. This antibody recognizes an antigen present in much 
higher concentration in certain brain regions of Alzheimer patients than in normal 
brain. The antigen appears to be a protein present in neurons involved in the formation 
of neuritic plaques and neurofibrillary tangles, and in some morphologically normal 
neurons in sections from Alzheimer brains. Partial puritication and Western blot 
analysis revealed the antigen from Alzheimer brain to be a single protein with a 
molecular weight of 68,000. Application of the same purification procedure to normal 
brain tissue results in the detection of small amounts of a protein of lower molecular 
weight. 

A LZHEIMER'S DISEASE IS A NEURO- 

degenerative disorder characterized 
clinically by progressive loss of intel- 

lectual function. This impairment of func- 
tion amears to be correlated with numbers 

L L 

of neuritic plaques in the neocortex and with 
loss of presynaptic markers of cholinergic 
neurons-(1) .. ~ e u r i t i c  plaques are compos&d 
of degenerating axon; and nerve terminals, 
often surrounding an amyloid core and usu- 
ally containing reactive glial elements (2). 
Another characteristic pathologic feature of 
Alzheimer's disease, the neurofibrillary tan- 
gle, is an intraneuronal mass composed of 
normal intermediate filaments and paired 
helical filaments (PHF) with unusual prop- 
erties (3). 

In skdying the topographic distribution 
of plaques and tangles in the brains of 

Alzheimer patients, we noted that the le- 
sions occur with high frequency in regions 
receiving cholinergic innervation from the 
ventral forebrain (4). This cholinergic cell 
group appears to be extremely vulnerable to 
the disease process, and evidence that cho- 
linergic nerve terminals participate in plaque 
formation has been presented (5). To better 
define the relation between ventral forebrain 
cholinergic neurons and the lesions of the 
Alzheimer brain, we have prepared mono- 
clonal antibodies to homogenates of ventral 
forebrain tissue taken at autopsy from four 
patients with Alzheimer's disease. The re- 
sulting antibodies were screened on the ba- 
sis of their ability to differentiate brain tissue 
from patients with Alzheimer's disease and 
from normal subjects in both immunochem- 
ical and imrnunocytochemical procedures. 

Antibodies were initially assayed accord- 
ing to their ability to bind to brain homoge- 
naie that had been immobilized onto polyvi- 
nyl plates (1  kg per 50-mm diameter well) 
by drying at 37°C for 1 hour. Antibody . . -  
binding was detected with peroxidase-con- 
jugated goat antibody to mouse immuno- 
globulins. Those antibodies that showed - 
greater than a 50% increase or decrease in 
ginding to homogenates of Alzheimer brain 
relative to normal tissue were studied fur- 
ther. One of these antibodies, Alz-50, is 
described below. 

Initial assays showed that the binding of 
Alz-50 was highly selective for brain tissue 
from Alzheimir patients. Figure 1 shows 
that 0.33 pg of temporal cortex homogenate 
from Alzheimer patients gave an optical 
density only slightly lower than 10 pg of 
temporal cortex homogenate from normal 
patients. From these data we conclude that 
;he antigen is elevated 15 to 30 times in the " 
temporal cortices of the Alzheimer patients. 
Alz-50 reactivity was similarly elevated in 
the nucleus bas& and hippockpus. These 
areas, cortex, nucleus basalis, and hippocam- 
pus, are all known to contain neuritic 
plaques and neurofibrillary tangles in brains 
of patients with Alzheimer's disease. Brain 
areas less affected by the disease, such as 
caudate. thalamus. or cerebellum demon- 
strated little or no reactivity. 

The immunocytochemistry of Alz-50 on 
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